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FOREWORD

This final report, which consists of two volumes, describes the results of
studies and tests made by Aerojet-General under the System Support portion of the
Production Support program, which was conducted under Supplemental Agreeme.;t 33
to Contract AF O4(694)-308.

The following list defines contents of the two volumes and relates the various
tasks to the project directive numbers that were used for task definition in the

Production Support Program Plan.*

, ?roject
Volume Task Directive
1l Variability Analyses, Materials and Production 41-001
Regolve Propellant and Liner Production Problems 41002
Analyses of Potential Production Problems - k1.003
Froduction Support for LITVC Cas Generators 41.008 ’
1 LITVC and RC Packaging Design Study L1-010
2 Study of TVC System Pressurization Methods 41-011
Nozzle-Motor Configuration Optimization Study 41.014
Motor Development Programs Iayout  and Ana]qaia 41-016
Bladder Improvement Study R . k017
LITVC Manifold-and-Joint Design Study - k.018
Investigstion of Exit-Cone Material Behavior  41-019
Igniter Initiator, Materials-and-Performance . . - 4
Evaluation . . b1-020 |
Characterization of Pyrotechnic Ignition '
- Properties o bl-o22
I  Evaluation of Alternative Insulstion Materials - h1-023 g
: u-oes_

2 Roll-Control Valve nmducer Testing

- This ﬁnal repcm* supersedea the prelimimry final report: that were subn:ltted:
in a.ccordance vith pro;rm requiremnts a.nd vhich are liated belnv ¥
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APPROVAL STATEMENT

This final report sumsarizes the results of System Support studise of

i A % W amrvem s e s i <L

the Production Support program, which vas conducted fram 18 August 1564
through 31 Sej:tember 1965 by the Aerojet-General Corporation for the Air
Force Ealiistic Systems Division. The progrmm authorized bty Contract
Change Fotiffcatlon bl and Supplement Agreement 33 to Contract AF O4(694)-3C8.
The repér't consists of Volumes 1 and 2 and Suppl§nent 1 to Volume 2; the sup-
plement contains classified (cormm'rm) mtérial'applicable to ope secticn
of Volume 2. Report format 1s based on AFSC Regulation No. 80-20, dated
3 August 1964, and APSC Regulaticn No. 80-20A (Changs), dated 25 September
1964. L .

This report has been reviéved and is approved. S ' 1

%m

T . .. R.D. Mller, Captain, USAF
R - ProJectOtﬁ.cer
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Report 0162-06TDR-3-Vol
ABSTRACT

A geries of studies wns made wherein evaluations, investigaticns, and analyses
were conducted in suppori of production programs for Wing. VI Minuteman seccnd-staze
motors, WSel33B. Summariee of effort and accomplishments for the ten areag of pro-
gram effort discussed in this volume of the final report aAre prelented below:

1. Studies were made of injectant-type thrust vector control systm “that
could be considered feasible for potential application with the Wing VI Minuteman
second siage and other solid-propellant motors; The systems invegtigated include:
stored gas, blow down, golid- and liquid-propellant gencrators, primary and seconlary
VaPraK, differential piston deccmposition, and auxiliary and main-tank injection.

2, Toward deriving range increase, investigations wvere made to increase
motor propellant loading by increasing rozzle submergence. Studies indicated
potential savings in the veight of inert components such &s the liquid injection
thrust vector control (LITVC) system, nozzle housing, and insulation. In conjunctica
wvith glass-case studies, investigations vere made to determine the value of analytical
methods in the design of bosses. .

3. Investigations were made to evaluate the physic&l and mechanical propers
ties of composite mateiials for the expulsion bladder of the LIIVC system. Bladder
materials investigated were Viton A-HV with Dacron (currently used in the’ Wing VI
second-stage motor), Viton A-HV with Nomex HT 2-141, and Viton A-HV with Dacron and
a nylon barrier. .

L. Program studies were directed toward improvemnt of the LITVC and roll
control (RC) syst-m by develcpnent of leuk-proor Joint; and by repla.cing miom
Joints through welding.

: 5. Laboratory teats were made to establish the rformnce of tape-mpped
exit cone materials (graphite- and silica-phenolic tapes) and to determine the
behavior of these materials and interface bonds when conaidering various material
and processing variables.,

6. A series of igniter assemblies was tested to determine the adequacy of
an igniter initiator having an unbcnded, solia polyurethlne-rou spacer in place of
the bonded, perforated spacer.

T..  Ignition prapertiea were chu'a.cterized for a&nnced propena.nta, pro-
pellant blends, and pelleted-form pyrotechnics. Of primary mtarut vere pyrotechnics
h:ving vide tenpercture-‘md tltitude-rtnga capa.buitie :

8.“._} Evnlua.tionz vere made of recently dmloped elastomeric compounds.

- Ao 1ntenlivc ctudy was ccnductad to renolve ducrcplncies for ron- ;

‘control ﬁlve and position-transducer iaspection data between mncturing tac:llities :
ux: betveen various mrnmt facilities.
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v.

LITVC MANIFOLD AND JOINT DESIGN STUDY--FRCJECT DIRECTIVE 41-018

The following data summarize the progress made prior to cancellation of the
effort in the LITVC manifold and joint design study. The objectives of this study
were to design leak-proof joints for the Mod 4B LITVC and RC system and to comduct
subsystem tests to demonstrate the adequacy of the redesigned jJoints.

Program results include design data for leak-proof Jjoints, preassembly
feasibility data, thermal analyses, detailed stress snalyses, O-ring evaluation
teat data, weld evaluation laboratory test data, and literature survey data to
Justify the evaluation of dissimilar metal combinations.

A, DESIGN OF LEAK-PROOF JOINTS

The roll-control subsystem joints involved in this study are shown in
I‘ignre V-l; the TVC subsystem joints are shown in Figare V-2.

1. Roll-Control J»int Discussion

The roll-control generator joint 1s identical to the existirg
design except that the Flexitallic gasket has been replaced by a Viton O-ring, snd
the mean seal diameter has been incressed from 1.58 to 1.84 in.

: The roll-control valve joint flanges were enlarged to accommodate
an insulation insert which prevents overheating of the O-ring sesling ares. The
neck of the roll control valve was extended to eliminate envelope problems between
the tank support and the handling ring which would have required a change to the
Aercneutronics casting draving of the valve body.

The bolted joints of the roll-control nozzle were replaced by
velded Joints. This requires that a change be made to the Space General nozzle
elbov drawing and to the Aeroneutronics valve casting drawing.

2. TVC Joint Discussion

The TVC generstor joint is identical to the existing design except

that the Flexitallic gasket has been replaced by s Viton O—ring, and the mean unl
dlameter has been increased from 1. 76 to 1.88 ix.

The TVC T-joint to the reuef-nlve bolted Joint was rephcea by
8 velded Joint. As a result, the relief-valve casting woulAd have to be changed and

. The relief valve-to-dmp une Joint m redesigned ’ay mvin.g thc
o bolted Joint mmr from the heat sink of the relief valve housing and by sdding an-
insulation insert of Fiberite MX-2600 to prevent overheating of the sealing area.

m:vouldreqnireschangetotaeﬂmn hamingoothtmelbowcouldhe
‘veldedtothehouaing

B e pe-r.
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V, A, Deaign of Leak-Proof Joints (cont.)

Ly e e

The TVC manifold to the TVC tank insert was redesigned by removirg
the bolted Joint and welding directly to the TVC tank ingert., The tank insert would o
be redesigned so that the burat diaphragm could be sssembled from the inside. ;
In an alternctive design considered an MX-2600 insulation insert would be added to

the enlarged bolted joint. J
i " B, TPREASSEMELY FEASIBILITY STUDY

Preliminary studies were made of the Mod 4B LITVC and RC gsystem assembly
to determine the feaaibility of preassembly. Results indicate that preassembly of
the following joints could be made: (1) RC nozzle to RC valve, (2) relief valve to
TVC manifold, and (3) tank insert to TVC manifold. .

]

C. STRESS ANALYSIS

B

A stress analysis was conducted to determine the structursl adequacy

of the redesigned hot-gas joints (Section VI, A, Figures V-1 and -2). The results
indicate that the appiied stresses are within the structural design criteria, which
ar2 based on a factor of safety of 1.25. Detailed stress calculations are availadle .

to substantiate the results of this study.

l. Redesiimed Hardware ; i

The RC hardware (Figure V-3) consists of a gas generator and two
valve-nozzle assaemblies bolted, 180 degrees apart, to the motor aft skirt. Externally
insulated hot-gas lines run from a flow divider at the gas generator to each valve.

: In the redesigned RC hardware, the flanged jJoint of the nozzle attachment was replaced
: by a walded joint. The gas-generator jeint aml RC vn.lve Joint ‘tere modified to »
' accmmda.te insulated rubber 0 -ring seals. v .

The TVC hardware (Figure v-li) consists of a gaa generator with a
pressure relief valve and a hot-gas line lecading to the toroidal Freom tank. The
two dump lines terminating at the motor aft skirt, 180 degrees apart, enable the : i{

]

L ey e e e e

excess hot gas to escape from tha pressure relief valve. In‘'the redesigned TVC I
, hardware, the flanged joints of the tank-inlet and pressure-relief-valve were ]
replaced by welded joints. The dump-line joint at the pressure relief valve and
{ the gas-generator joint were modified to accommodate insulated rubdber O-ring seals.

-

S 2 Stmcturumu‘

}ﬁvr_' o m reduigned ecuponenta and the etfects of theu cmponenta on
= the existing ntmcturu to which thcy are attached vere am:xed on the bnin of
s the folleving duign ca-itern o ol
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V, C, Stress Analysis {(cont.)

a. Roll Contreol 3ystenm

Ultimate presst_u'e,v P = 1.25 (MEOP)
= 1,25 (2ko0)
2 3000 pai

Maximum temperature, T nax ™ 2200°F or as determined by thermsl
analysis. o

b. TVC Syatem
= 1.25 (MEOP)
= 1,25 (680)

= 850 psi

Ultimate pressure, Pult

Maximum temperature, T = 2200°F or es determined by
thermal analysis. ' max

¢. TVC Exhaust Manifold

Ultimate Pressure, P

it " 1.25 (MEOP)

= 1.25 (75)
= 94 psi
Maximm temperature, T, . = 2200°F
d. Manifold Thermal Gr&wth
An gnalytical evaluation of the loads developed as a result

of manifold thermal growth was beyond the scope of this analysis. These loeds are
relatively small and do not significantly change the minimum margins of safety.

3. Mins of Safegx
e Tbemimmurgm cfsatety cmmxtedtorall conpcnenta are

Page V-3
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V, LIIVC ¥anifold and Joints Design Study--Project Directive 41-018 (cont.)

D. TERMAL ANALYSIS

To eliminate any possible gss leakage from the LITVC and RC system, sll
hot-gas joints in the base area were re-examined. A Viton sezl and an insulating
material to protect the seal were incorporated in those joints that cculd not be
welded. The joints analyzed include those at the RC inlet, the altarnative injectant
tank inlet, the RC gas-generator cutlet, and the elbow dump line.

A thermal enalysis was conducted to determine the temperatures in the
new joint designs. All network elements for the twoe-dimengicnal method of electrical
analogy are generated by the 278B computer program. The highest temperature in the
seal area of the four joints analyzed was 1000 to 1Q75°F at the RC gas generator.®

The 2ollowing sssumpticns were made in order to use a computer solution:
glg gas temperature of 2200°F, (2) perfect thermal contact between sll interfaces,
3) no loss of heat by radiation or cenvection, (4) material properties remain
constant (Figure v-6), (5) the dlameter of the flanges was increased to account for
the corners, and (6) convection coefficients were calculated from the following
formula,

)08( R

h00023 m)

1. Roll Control Inlet Flange

: : Results of the thermal mlysia of the Rc inlet flange are shown

in Pigure V-7. An insulator was reguired to protect the seal from extreme tempera<’
tures. Rubber and plagtic insulators were eliminated because a material was regquired
that ablates clean or does not ablate at all since no foreign material is allowed
in the gas gtream. Teflon was inadequate because its low ablation temperature would
require too much materisl. The required thermal protection was provided by Pyrolytic
graphite, which has low conductivity direction (C direction) normal to the gas flow.
Zirconium oxide, although not used in the computer program, was expected to also
provide the thermal protection required without ablating. Although the Pyrolytie

graphite and the small conduction paths on each side of this graphite protect the
seal, these small conduction paths seat up scme high temperature gradients whicn may
cause some stress problems.

 :5":2-:- Tank Insert

Results of the thermal ana.lysis of the tank inlet are shovn in N
- Pgure v—8. Tbe temperature :Ln the aeal ares after 74 sec is 550’?, Mx-2600
inzulation vas used. o , , .

B e TV
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V, D, Thermal Aralysis (cont.)

3. Roll Control Gas Generator

Results of the thermal analysis of the roll control gas generstor
are shown in Figure V-9, Tesat data indicate that the average temperature observed
in the RC generator T-flange was S6)°F, with one temperature of 720°F being observed.
Temperaturea in the seal ghould be mica higher; however, analysis of the existing
design indicatel that the seal temperature was U8S°F. The higher temperature observed
in the subsystem test (SST) could be attributed to the gap between the insulator and
the T flange, which was not considered in the S37 analysis. The thermal snalysis was
therefore conducted using convective heating in the gap, snd a film coefficient of
115 Btu/fte*F for the gap heating. The latter value was determined by running
different film coefficlents in the ccmputer program until the average temperature
obtained from test data on the T flange (560°F) was obtained at 70 sec. The redesigned
T-flange was aralyzed applying these conditions. The added heat sink (Figure V-9) to
the T-flange, lLowever, merely enlarged the heat path, and the seal temperature was

higher than in the exiating design. The present RC gas generstor design, therefore,
is reccmmended for use. :

4, Area of the Dumv Line Elbow

Analysis of the temperature in the area of the seal for the dump

linzsgibaw (Figure v-10) indicates that after 74 sec the temperature near the seal
is F.

5. Conclusions

Although the highest temperature in the seal was 1000 to 1075°F,
this could be reduced by about 100°F by moving the seal outward as skown in Figure
V-9. In additicn, the heating in the RC gas generator couid be greatly reduced if
heating in the existing gap were eliminated.

E. LABORATCRY EVALUATION OF VITON O-RING

The objective of these laboratory tests was to determine the sealing
capsbilities of Viton O-rings et a maximm pressure and temperature of 1800 psi and

1155°F, respectively, when used on the new gas seal joints of the Minuteman Wing VI
Mod 4B LITVC and RC system, -

' ' A schematic diagram of the test getup is shown in Pigure V-11. The
sealing faces of thes fixture were checked for flatness to + 0,002 in. after each
test, and the O-ring and fixture groove were coated with DC-b silicone grease before
exch test, The threads of the six assembly bolts were coated with molybdenum disul-
phide lubricant before a torque of 40 to 50 in.-1b was applied. The fixture was
pressurized to 1850 to 1900 psi and held for 1 to 3 minutes while it was lesk tested

. with a scep solution. The pressure vas then reduced to 1800 psi, and the fixture

wvas immsrged in the molten tin bath at 1150 to 1200°F. A thermocouple in the fix-

-ture is located within 0.030 in, of the sealing O.ring. As the teiperature of the

Page V-5
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?u temperature of omly 4O°F, asam:l.ng the nitrogen vas at ambient temperature

“'f;'-'siticn'tanperatm of the Viton material is considered to be between 600 and 675
© . and the Viton material could perform satisfactorily as a atat’c pressure sesl at
"+ temperatures above 1ta deccmposition temperatm‘e :lf it is_prcwly aelted. end
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V, E, Laboratory Evaluation of Viton O Ring (cont.)

fixture rose past 7CO°F, the pressure was reduced from 1800 to 1250 psi and held
there for the remainder of the 10 minute test. Following the test, the fixture was
removed from the bath, depressurized, cleaned of residue, and checked for flatness.
The strip-chart recorders were calibrated before testing began to provide full-
scale readings of 2000 psi for preasure and 2230°F for temperature.

Twelve O-rings were tested, three each from four batches, and the
regults in Figure V-12 show no leaks or pressure losses during any of the tests.
A pressure incresse of 50 to 100 psi was observed as the fixture was placed In the
bath. The pressuve was then reduced to 1800 psi. Within 20 to 30 sec after icmer-
sion, the temperature rose to over 700°F, and the pressure was mamally reduced to
between 1200 and 1250 psi. No further velve adjustments were mnde, and the pressuve
curves generally showed 8 slight increase from 1220 to 1280 psi. The conditicn of
the O-rings was the same in all cases following the tests.

The O-rings were reduced to a brittle black residue which crumbled
readily into a powder or granules. Slight pitting of the stainless steel (T-347),
which was observed after two tests, grew more pronounced after the sixth test when
the fixture was removed from service for refac ng. The pitting appeared to be
about 0.0005 in. deep.

The results in Figure V-12 show that the 0.006-in. shim and three of
the four 0.004-in. shims caused failure or initial leakage within about 1 miaute.
The fixture normally provides for about 0.025 to 0.030-in. compression of the Q-ring
gsection diameter so the effect of the shim is to rednce this cmpression by the
thiclmeas of tle shizn . : _ , Lo

‘ . The tests conducted with 0.002- 1n shim indicate that this amount ot
nonparallel structure may be toleratle. Tests without DC-b silicone grease on the
O-ring indicate that the grease had little effect on the sealing efficiency of the

O-ring.

- 0f the tests which had no pressure loss, the pressure and temperatures
ligsted are thoge observed after 10 minutes in the tin bath. The fixture generally
reached a temperature of over 1100°F within 50 to 70 sec. Most cf the teats in
wkich no leakage occurred had a pressure increase from 1240 to between 1280 to
1320 psi, corresponding to an average gas temperature of about 32°F. In the test
to determine the pressure rigse that would occur if no manual prea:t.u'c bleed-off
were used, the fixture was pressurized to 1(:00 psi and immars: % in the tin bath for
10 minutes. The resulting pressure was 1770 psi, corresponding to an increase in

‘!') beu.ore imersion of the ﬁxture :
. the condition of the 0-rings was the seme after all tests; the dece

34,
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¥, LITVC Menifold and Joints Design Study--Project Directive 41-018 (cent.)

F. WELD EVALUATION LAZORATCRY T=ST5

The materials for the weld cvaluation lsboratory test prograz were
procured. Three different material combinaticns were to be ptudled in this investi-
gation to evaluate the conditions that will exist in the redesigned LITVC and RC
system. 3Specimens of 17-7TPH welded to Haynes 25 alloy were prepared for a crack-
gsengitivity test and a longitudinal bend test, but an analysis of the resulls was
not completed.

G.  LITERATURE SURVEY

. A literature survey was conducted to jJustify the evaluation of dis-
gimilar metal combinations, and the results of this survey are summarized below.

1. Current Deszizn

Many of the joints in the hot-gas lines of the LITVC and RC system
are bolted joints which have periodically caused leakage problems. The alloys used
in these fittings include T-347 stainless steel, N-155, a chromium-cobalt-nickel-
iron alloy, and Haynes 25. The thicknesa of the joints does not exceed 0.250 in.

2. Survev Nata
Considerable data(l) were found on the welding of T-347 stainless
steel. This grade of steel i3 crmmonly used where welding is required during fabri- .
cation. No difficulty was encountered in welding this type steel to Haynes 25 and
N-155, and relatively thin-walled sections (3/16 to 1/4 in. thick), such as those
proposed for the hot-gas joints should be readily welded. The strengths of welds
in these alloys are listed below:

Ultinmate
Tensile Strength, Yield Stremgth, Elongation in
Alloy Thickness psi pai 2 4in., %

Haynes 25(2) 0.09% 130,000 73,000 30
0.125 133,000 7¢,000 34

§-1355¢3) 0.125 108,000 60,000 22
o 0.250 111,000 65,000 21
) 0.250 93,000 65,000 35

"(17 Welding Research Council Bulletin Ko. 43, Oc'toﬁ;z'?' 1958,' Welding Type 347 )

Stainless Steel Piping and Tubing by George E. Linnert.

; ieg Union Carbide Stellite Co., Data Sheet for Haynes-25

Union Carbida stellita CO., Data Sheet for amtmet (3-155)
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V, G, Literature Survey (co:f.)

Welding exverience using these metal alloys bty the liguid rocket
operaticns at Aerojet, Sacramento, indicutes that in wrought or cast form neither of
these alloys has ever been a source of special difficulty ss long as proper procedures
were followed. These allcys were weldsd in various components of the Titan II, M-1,
and Nerva motors.
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Materinal
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Mterial Btu/hr/et/OF Btu/1b-07 19_/:3' f
17"m 1.0.6 0.19 xl83
Cres 347 9.25 0.118 495
Haynes 10 0.092 570
Cres 316 ' 2.4 0.12 501
4130 Steel %.7 0.107 k89
Refrasil 0.08 0.23 60 ‘
XX 2600 0,157 10.19 1%
N-155 10 o.11 512
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Induced Duration, Pressure, Temp,

Tast* Tatch Cap, in. min in. °F FRemarks

1 0-58 Noue 10 1285 1180 Fo faillure.

2 0-58 1249 1180

3 0-58 1280 1180

'Y 0-908 1280 1180

5 0-908 1260 1116

6 0-908 1260 1180

7 0-3660 1245 1180

8 0-3660 1260 11164

9 0-3660 1285 1189
10 0-h576 1260 1200
n 0-4576 1200 1137 v

12 0-L576 Y \ 1270 1160 \ {
25 0-58 0.006 50 sec 1250 1010 Sudden failure.
13 0-58 0.00h k5 sec 1830 740 wiow leak/6L0 psi/in 10 min.
16 0-908 0.00% 70 sec 1240 990 Slow leak/€30 psi/in 10 min.
19 0-3660  0.COL 50 sec 1800 895 Sudden failure.
22 0-4576  0.004 10 1280 1200 No failure.
14 0-58 0.002 1310 1158
17 0-908 1320 1179
20 0-3660 1280 1158

23 0-L576 1300 1158

15 0-58 1290 1179

18 0-908 1240 1158

4o 0-3660 1280 1179 Bo failure.**#
b1 0-4576 1260 1158 Ko failure.®###

42 0-58 1280 1158 Fo fallure,**#

43 0-908 * 1270 1158 Fo fafilurc.®H

kb 0-3660 - BS sec 1240 1116  Slow leak/800 psi/in 10 nin*"
Ls 0-h576 10 1320 1158 Ko failure.#w»

k6  0-3660 ! 10 1290 1179 Mo failure.®*#

k7 0-4576 Fone 10 1720 1179 Fo failure. Inftial

pressure 1600 psi. XHo
. bleed-off.

. % Tast numbers do not indicau chronologtcu. crdcr e

. Thermocouple fallure .
% Ko m.u Erease used oa O—r_l,ng.

" ‘Results of Viton O-Ring Tests

Figure V-12
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V1.

INVESTICATION OF EXIT CONE MATERIAL EZZAVICR--PROJECT DIFECTIVE L1019

) A. O3JECIIVE

The obJective of this program was to establish the perforwence of tape- ]
wiarped exit-cone materials during motor firing by laboratory testing of exit-cone
samples and to obtain data relating to the behavior of these materials and interface °
bonds when consldering variocus material and process varigbles.

To further understand the prcoblem the following additicnal areas were
investigated:

1. The effect of char on the nozzle-interface bond strength and on
nozzle strength.

2. The partiasl release of the exit-cone~housing bond line.

s

3. Proof-test procedurez, tooling, and pressure levels.

e g o

L., Alternative methods of exit-cone retentiom.
S5« Xersy inspection of nozzle assemblies. i
B. IABORATORY STUDIES o

For the initial phase of this program, plasma-arc testing was performed ]
on exit-cone samples to study the behavior of the material and the interface bond be-
twveen materials when considering volatile content, resin advancement, cure cycles,
and gas-release openirgs. As the basia £6r the testing, a temperature-vs-time higtory :
during firing was theoretically computed for an existing nozzle at various expansion
ratios. These data were compared with actual firing histories of cones that performed
abnormally during motor firings. In the Minuteman Wing VI program, grephite liners
had been e&jected from six sea-level exit conegs. Four of these were ejected at tailoff,
vhen the interface line between the graphite and the silica-phenolic tape wag charred
£2d at a paximm/minimm temperature of 1880°F and 960°F (Figures VI-1 and -2). The
remaining two liners were ejected at approximately 40 sec after igrition at a
minimm interface temperature of 1170°F and 360°F (Figures VI-1 and -2). A combination
of temperzture and time based on the above data was used in the test program outlined
delov.

1. JMaterials and Svecimen Preparation for laboratory Studies “

Flasma-arc tests vere performed on samples of three Wing VI sea-
level cones and geven subscale cones having various volatile contenta to determine
1f abnormalities encountered could be duplicated and to observe the change in materisl
bebavior. Interface pressures and temperatures vere recorded during testing. Addi-
tional plasma-arc testing was performed on specimens to determine 1f drilling holes
in the liner or post-curing the part improved the performance.

Page VI-1
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VI, B, laboratory Studies (cont.)

a. Full-Size Cones

: The three full-scale cones (PN 369937) vere made of FM-5014/
M-5020 by Cleveland Pneumatic Industries. FRemoval of the cones from nozzle agsemblies:
vas achieved by heating the assemblies to approximately 4OO°F and applying sufficient
force to break the bond between the cone and the titanium housing. The nozzle
asgemblies had been proof-pressure tested. Two of these cones showed cracks prior to
testing; one was cracked in the graphite wrap, and one in the silica wrap.

Eight 10-in. by 10-in. slabs end four interface ghear-test
specimeng were cut from each cone as shown in Figures VI-3 and -4. The volatile con-
tent in both wraps was determined for each slab. The slabs from each cone wvere pre-
pared for testing as follows: '

(1) Two slabs were left in their original state.
(2) Two slabs were post-cured at 300°F for 48 hr.

(3) Two slabs were prepared with holes drilled through
the graphite liners (see Figure VI-5).

(4) Two slabs vere prepared with holes drilled through
the liner (see FMgure VI-6).

b. Subscale Cones

Seven cones vere mde to the configuration shovn in Figure
VI-7. Two m-by 10-in. slabs and four interface shear gpecimens were cut from each
of the seven cones ag shown in Figures VI-3 and -4. The volatile content in both
wraps vere determined for each slab. ‘

To obtain a part with minimum volatile content for compariszonm,
a small-scale part vas made by the snap-cure method. This cone (Specimen Code
FSC-1 and -2 was made by Fiberite from MX-4500/MX-2600. The MX-4500 liner vas
wrapped at 220‘F vith a roller pressure of 200 1b/in. and cured in an autoclave
for 2 hr at 150 psi and 300°F. Thae sutoclave temperature was increased from roca
temperature to cure temperature at a rate of three degrees/minute. The cured liner
vas machined on the cutside dimueter and overwrapped with silica tape with & mandrel
temperature of 290°F, tape temperature of 300°F, roller pressure of 300 1b/in.,
and & mandrel speed of 4 rpm. The surface of the MX-L500 liner was covered with
an epoxy-paenclic metified resin prior to a_d.ding the silica tape. :

" To obtain test apecinens vith extmnely high volatile content,
asmll-sca.le cone vas made with water added during the cure cycle. This cone
(Specimen Code 96-1 and -2) was made of FM-5014/FM-5020 in accordance with Specification
AGC-34311, Types II and IV; material data are shown in Figure VI-8. The ccne vas:
manufactured like a.Hing VI cone 1n accordmce with aning 369937, with the roucv:lng
exceptions:
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VI, B, Laboratory Studies (cont.)

(1) Only two wraps were used.
' . (2) Only two debulk cycles were used.

(3) Water was introduced between the éilica overwrap and .
the vacuum bag prior to the last debulk and cure cycleg. Dedulxz and cure cycles
wvere in accordance with Drawing 382123, :

Small-scale cones were rmade of zmaterial with high, cedium,
and lov resin advancement. These cones {Specimen Codes 03-1 and -2, 02-1 and -2,
and 99-1 and -2) vere made of FM-5014/FM-5020 in accordance with Specification AGC-
34311, Types II and IV; material data are shown in Figure VI-8. The cones were
manufactured like a Wing VI cone in accordance with Drawing 369937, except that only
two wraps and two debulk cycles were used. Debulk and cure cycles were in accordance
with Drawing 382123. :

Two cones were made from material of nor:al advancement and
volatile content, and a debulk and cure cycle as shown in Figure VI-9, Thesge cones
(Specimen Ccdes 92-1 and -2 and 94-1 and -2) were made of FM-5014/FM-5020 in accordance
with Specification AGC-34311, Types II and IV; material data are shown in Figure
VI-8. The cones were manufactured like a Wing VI cone in accordance withk Drawing j
369937, except that only two wraps and one short debulk cycle were used. g

2. Test Procedures . ‘ !

A pressure gage and a thermocouple were installed through the
silica liner at the interface lLetween the two materials on ail slab specimens that
did not have holes drilled through the graphite phenolic liner. Only a thermocouple
was installed at the interface of the slsbt specimens with drilled holes. The
slabs were suspended on & wire with the thermocouple  ard the pressure gage(vhen .
applicable)was attached to a ccantinuous recording jnstrument. Two oxyacetylene
torches vere placed 6-1/2 in. from the graphite phenolic liner. The flame was set
to give approximately 225 Btu/rta/hr and covered approximately a 5-in.-dla area at
the center of the slab. The test was stopped vhen the specimens were obviously
separated at the interface or had cracked through the liner. After testing the
slabs vere sectioned through the center, and visually inspected. : '

2 . ,
% Of the four interface shear specimens from each cone, two vwere 3

charred in an Argon atmosphere for 30 minutes at 1500°F. The uncharred and charred 3
interface shear specimens were tested in a Tinus Olsen testing machine at room
-temperature. .

3. Swmoary of Test Results

a., Full-8ize Cones

Test results for specimens from the fullescale exit cones
(s® 2168016, 2168017, and 2168018) are summarized in Figure VI-10.# Detailed

*igure VI-10 includes test results for specimens from subscale cones.

Page VI-3
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VI, B, laboratory Studies (cont.)

descriptions and results of cbservations of the tests are presented in Appendix
VI-A. Texmperature- and poccsure-vge-time curves are given in the figures in Appendix ‘
VI.AO ¢

Except for one drilled specimen from Cone S¥ 2168018, scue o
cracks were detected in the graphite phenolic wrap of ail the specimens tested.
Only three specimens did not crack at the silica-graphite interface; these were one
postecured glab specimen and two drilled specimens from Cone SN 2168018. Except
for the poste-cured and drilled specizens of the same cone, the silica vrap of all
specimens cracked during testing.

The following observations vere made tased on the test results:

(1) HNo relationship was detected between interface cracking
and volatile content, although the volatile content did vary from cone to cone.

(2) Post-curing did not significantly improve performance.

(3) Drilling 1/16-in.-dia holes, 1/4% or 1/2 in. apart,
in the graphite liner to the silica interface did improve to some degree the pagte
fired interface condition, but did not eliminate cracking. The two materlals
generally remained in closer contact than the undrilled specidens.

(4) Only one as-received specimen, from Come SH 2168016,
developed a blister that was gimilar to thogse noted on the cones of fired Wing VI

motors.
b. Subscale Cones

Test results for specimens from the subscale exit cones are
included in Figure Vi-1l0. Results of analyses of test data and curves of tempera-
ture and preesure vs time are pregsented in Appendix VI-B.

v el s

On the basis of results of testing the subscale exit cones,
the following cbservations were made: |

(1) As vas noted with the full-gcale cone specimens, a
variance in volatile contant did not influence interface performance.

(2) - By increasing the tape material advancement, B stag-
ing or IRPI, some degree of :lmpmvunent vas uoted at the interface.

(3) A shorter debulk cycle did not improve interface perforpance. f;“}

| k. | Evalua.tion and mscussion of Test Results

8. (Ceneral

In evaluating the results given in Hsure VI-10 and Appmdina
VI-A and -B; it should be noted that the laboratory test conditions do not precisely
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VI, B, laboratory Studies (cont.)

simulate those experienced during actual firings; slab specimens tested in the
lsboratory are subjected to more severe and uneven lcading corditions. When the
cone is heated during firing, the graphite wrap expands into the silica overwrap
and creates a ccupressive stregs at the interface that aids mechanical locking and
friction between the materials. Shear forces develop at the interface only in the
longitudinal direction.

When a slab specimen is tested in the laboratory, the come
pressive forces are eliminated and shear forces are developed in all directicns at
the interface. Peel forces from curvirg of the parts caused by uneven heat distribution
also tead to develop. Since the laboratory test is more severe, the results 4o not
truly represent actual firing conditions. Eecause most of the laboratory specizens
cracked to some degree, it becomes difficult to quantitatively compare results for
the various specizmens tested. However, by visual observations of the tepting and
analysis of the test results, trends of performance can be determined.

For future programs of this type, ring specimens instead of
slab sections will be used to obtain date of a more discriminate nature; ring speci-
mens could be made to more accurately simulate firing conditionms,.

b. Skear Testing

. The results for shear testing (Figure VI-10) show geperslly
higher shear values for the specimens taken from the sgmall cones as compared to those
taken from the full-scale cones. While this may be a result of the fact that the
small cones had less debulk time, delaminations were noted on two test specirens from
a full-gcale cone prior to testing, and it is probable that other small undetected
cracks vere present which influenced the test results. Fhotomicrograrhs of phenolic
grophite and silica~wrapped parts that vere subjected to high stresses showed
numerous small cracks in the phenolic resin.

: Too.few shear gpecimens were tested to quantitatively evaluate
the small coneg. The appreciable variance in data for specimens from the same cone,
noted in scme instances, negate any possibility of making a valid comparison.

Because the interface shear specimens all curved during charring
and vere concave on the graphite-wrap side during tensile testing, the actual shear
- strength of the interface bond is greater than measured. In addition, the moment
introduced because of the curvature is not accounted for in the calculations.

The length of the test specimens appeared to be reduced mer
chtrrlng. gnphite shrinking was greater than that of the gilica. Since the co-
efficient of thermal expansion of silica at char temperature is several times as
great as for the gruphite wrap uxd since the silica is the better insulator, it
charred glower and retained a high modulus of elasticity longer than did the graphite.
All these effects tended to curve the charred test specimens and resulted in fictitiocusly
low shear velues. -
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VI, B, laboratory Studies (cont.)

While the charred specimens taken frcm the small cones ine
dicata greater interface shear strength than those taken frcm the full-scale cones,
the results are considered inconclusive because of the interface separation which

occurred during the charring of many of the full-scele core samples.
c. Conclusions .

Results of this study indicate that changes in volatile con-

tent, debulk cycle time, and adding a post-cure treatment 40 noc¢ influence the performe-

ance at the interface. However, drilling holes in the graphite liner and increasing
the tape material advancement, B steging or IRPI does appear to improve performance
at the interface bond. Because of the severity of the laboratory test, all specimens
cracked to some degree, making it difficult to evaluate accurately the effects of
material and processing variables on material behavior.

On the basis of these tests it can be stated that interface
bond cracking is initiated at relstively low interface temperatures. Fracture is
caused by a combination of thermal stresses, pressure from expanding air eatrapped
at the interface, and the boiling off of volatiles from interface materiais. While
this indicates that the interface line should be maintained at the lowest possible
temperature to ensure maximum relisbility, the exact temperature limitaticns on the
interface line are unknown. Although this indicates that the requirement for a low
interface temperature minimizes the insulation benefits obtained from the silica
wrap, the silica wrap does provide an extra margirc of safety if the graphite liner is
eJected.

€. THE PARTIAL REIEASR OF THE EXIT CONE-EOUSING EOND LDNE

The objective of this analysis was to study the effect of releasing the
bond between the sea-level plastic exit cone and the titanium housing at the T-joint.
A camplete stress analysis, presented in Appendix VI-C, was performed for all parts

affected by this change.

The stress analysis included investigaticns of the nozzle in the area
affected by the bond relesse for proof-pressure testing without a bond release
and vith bond releases of 6, 6.5, and 7.5 in. Investigations vere alsc made for
conditions at the start and end of firing with bond releases of 6, 6.5, and 7.5 in.

Results of the analysis show that an optimum stress condition exists
for a bond release of approximately 7.5 in. This change in the Wing VI nozzle
would reduce the stresses in the plastic cone and the bond line to & level with
definite positive nargine of safety. The cracks now experienced in some cones at

~proof pressure testing would be eliminated, and the possibilities of losing the
graphite phenolic liner and of blistering of the liner during firing would be greatly

e Page VI-6
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VI, Investigetion of Exit Cone Material Behavior--Project Directive 41-019 (cent.)

D. ALTERRATIVE METHODS OF EXIT CCIE FETENTION

“e Objective

The obJjective of this program was to investigate slternative means
of retaining the sea-level exit cone in the housing.

2. Summary of Requirements

The cone 1s presently held in place by a snap ring at the forward
end and by the tond between the housing and the cone.

The folluwing forces are acting on the cone during firing:

a, Chamber pressure on the OD of the submerged portion if acting
through the housing to eject the cone.

b. TNozzle gas pressure at the split line between the graphite
ingert and the forward face of the cone is acting to eject the cone.

¢+ Nozzle gas pressure on the ID of the cone and at the split lipe
adjacent to the altitude cone is acting to retain the cone.

d. Thermal expansion forces on the cone, which expand it into
the housing, are acting to eject the cone.

These forces together have a resultant ejection force of 61,500 1b
at the end of firing at a chamber pressure of 570 psi. The highest ejection force,
however, cccurs during proof pressure testing at 627 psi, when the chamber pressure
acting to eject the cone results i1 a force of 85,000 1b.

If the bondline and the friction forces between the housing and
the come are ignored, the present snap ring alcnme is capable of providing a
retention force of 20,500 psi, based on an interlaminar shear strength of 1500 psi
in the plastic. This reten*ion force is satisfactory under firing conditions but not
for proof pressure testing.

The bond between the housing and the cone 1s capable of providing

a retention force of 2,000,000 1b or approximately 23 times the ejection force
with an evenly distributed shear stress of 1250 psi.

3. Alternative Methods Investigated
The sea-level cone ig made of & graphite-phenolic tape inner lina»

and & ailica-phenolic tape overwrap; both tapes are wrapped parallel to the center~: .
line. During firing, all the graphite and part of the silica cloth become charred.
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VI, I, Alternative Methods cf Exit Ccne F-tention (cont.)

The charred portion of the cone has shouwn scme signs of interlaminar cracking in

all Wing VI motor firings. Approximately 20% (0.20 in.) of the silica material .
remains uncharred. Assuming an interlamipar shear strength of 1500 psi for the

uncharred silica and none for the charre8 mgterial, the maximum obtainable retentica

force in one plane on the coneis F = D (see Figure VI-1l). At the aft end, .

vhere the diameter is the greatest, the mtention force is equal to 92,000 1t at

the end of firing. Figures VI-12 and -13 show two alternmative methods that would
retain the cone at the aft end but that do not offer any improvement over the current
design.

e mama s et ——— y ot At s i 1

Figure VI-12 shows the incorporation of a metal retaining rirg, ;
which is held and locked in place by the altitude exit cone. This metal ring extends :
in between the cones far encugh to taks advantage of the shear strength of the . r
uncharred material in the sea-level cone, but still stays below the heat-affected
zone to prevent the conduction of heat into the cones.

Figure VI-13 shows an all-silica laminate insert at the aft of the ;
sea-level cone. This insert, like th> metel retaining ring, would be held in place :
by the altitude exit cone. This desizn would provide a retention force of 256,250
1b, including the retention of the snap ring. Caps for thermal expansion are left
between both the insert and the sea-level cone, and the ipsert and the sltitude : 1
exit cone. The lami‘nate-insert desiga would provide a desired increase in shear
area over the present design and would also help to keep the inner wrap from being
ejected.

Other methods of retaining the cone with plagtic and metal inserts
at the in,jector ports (Figure VI-1l4) sre unsatisfactory because of the small shear :
area reached in the plastic come. Inserts or pins through the housing are also ;
unsatisfactory because of the number required to obtain a sati{sfactory shear area in :
the plastic and because of sealing problems.

If the silica overwrap was wrapped at an angle with the nozzle
center line in such & way that the ejection force could be taken up in cross laminar
shear in the plastic, a much smaller shear area would be regrired, since the cross-
laminar shear allowable is epproximately seven times greater than the interlaminar.
Other methods of retention might then dbe practiced.

E. P@OFTESTPK)CEI!JRES, TOOLING, AND PRESSURE LEVELS

The objective of this investigation was to compare the severity of the
proof-pressure test now used with the conditions actually encountered during firing,
and to establish a proof pressure test method closely duplicating firing conditions.
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VI, E, Proof Test Procedures, Tooling, and Fressure levels (cont.)

The structural anslysis (Appendix VI-C) shows that with the liner re-
leased at the T-Jjoint the presen® proof-pressure test method is satisfactory. The
test method duplicates the stresies at start of firing fairly closely in the high
stress areas and will not overstress any part of the rnozzle. Without a bond release,
the proof pressure should be Aropped to 470 psi to obtain a closer relationship be-
tween the stresses at proof testing and start of firing. It i1s possible that an
even cloger girulation of the maximum stresses could be obtained {f a back pressure
was used in the titanium exit cone flange to achieve the same ejection force in the
nozzle at proof test as during firirng (see Figure VI-15). Eecause of tizme limitations,
this analysis was not conducted. However, the proof-test analysis for a released
liner condition was perforzmed and showed a reducticn in critical liner stresces.

The present prcof-pressure test tooling seems adejuate for testing & nozzle vith a
released liner.

F. X-BRAY IISFECTION OF NOZZIIE ASSENBLIES

The objective of this investigation was to determine by X-ray examirnaticn
It cracks exist in the plastic sea-level exit cone in the T-joint area.

To date seven Wing VI motor nozzle assemblies have been X-rayed to evaluate
discontinuities on the inner surface of the graphite inner wrap. Each of these assemblies
showed evidence of discontinuities on the inner surface of the assembly from 6 to
12 in. aft of the entrance cap. The suspect areas varied in length from sbout 4 in.
to the entire circumference of the cone. Width and depth of the suspect areas could
not be determined by visual lrspecticn. '

Tangential radiographs were made at 15«degree intervals on each assembly
using the i0 MEV Linac. The lLinac wag aligned with the nozzles to place the suspect
areas at the center of the radiation field, and exposures were made on Ansco
type«B film., Satisfactory visualization of the imner and outer vraps of the exit
cone was Obtained, but on none of the asgemblies was i1t possible to demonstrate any
discontinuity in the graphite.

Nozzle assembly SN 2168037 contained a delamination in the silica outer
wrap vhich extended from the outside diameter of the come through a wrap and along
the interface between the silica and graphite for a distance of about 2 in. The
delamination occurred along the interface between two plies except at 240 degrees
where it involved an additional ply, resultingin a double image at that point. The
delamination between wraps sppears to have involved only the interface without
appreciabls damage to either cone. Although & surface discoatinuity was present in
the graphite at this level, there was no r»diographic evidence of damage to this
portion of the asgembly.
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VI, F, X-Ray Inspection of Nozzle Assemblies (cont.)

Tangentisl and radial rediography with the Linac do not lend to evalustion
of the quality of the bond between the silica cone and the titanium housing. There
is evidence, however, that radial projections mede with egquipment in the 150 to 300
kvp range may offer some information as to the uniformity of the adhesive between
these two structures. Redial viévs received from the Downey Plant on nozzles
SN 2168028 and 2168029 exhibit density changes that may be caused by voids in the
adhesive. Similar density changes ure presant on the radiographs of nozzle SN 637655.
On the radicgraphs of this nozzle, however, ithe density changes are present only in
the area forwvard ¢ the bolt ring on the housing. This area was covered by a rubber
insulator at the time of X-ray, and the density changes may bte arising at the insulator-
housing interface. On the basis of this very limited sample, it appears that
significant voids in the adhesive between conerand housing may be detected by radial
X-ray. X-ray should be performed prior to spplication of the rubber insulator forward

of the nozzle bvolt ring.
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Report 0L62-06TDR-9-Yol 2, Appentiix VI-A
P ¢

U e3016, Code 0-1 {As-Received)

L€}
e

This specimen developed a distinct blister similar to the ones seen in some .
cones of fired Wing VI motors. The blister develcped in spite of the low volatile
content in both the graphite and the silica wrap.

The temperature and pressure measurements were taker at the edge of the heat
affected zone on this specimen which accounts for the low pressure and temperature of

5 psi maximum and 190°F meximuz.

This was the only specimen from cone SN 2168016, in which the interface line
did not crack all the way to the edge of the part.

O 2168016, Code 0-2 (As-Received)

This specimen was observed to delaminste in the graphite wrap at 31 sec simul-
taneous with a change in temperature. o pressure was recorded at this time; there-
fore, the delamination must have been caused by thermal expansion. No pressure was
recorded until approximetely 500°F, at which temperature the resin starts breaking

down.

A < 3w e e

PSS

g SN 2168016 Code P-1 (Fost-Cured)

et

This post-cured specimen did rot show any imprcvement over the ss-received
specimen although the volatile content was reduced..

- The‘ pressure: sta.rted increasing a%: approxiixately' 225°F and probably was caused
by steam from volatiles boiling. At apnroximately 48 sec the two wraps were observed
to: delaminate at the:edge of the part. The- pressure dropped sharply to almost zero.

SN 2168016, Code P-2 (Post-Curad)

S e et s vty Wi oA 1o

This post-cured specimen did not show any improvement over the as-received:
specimen although the volatile content wag reduced.

The temperature and pressure plots for the specimen were'inva;idr

SK 2168016, Codes' 5-1, 52, 61, 6-2 (prilled Specimens)

Thn’ average teﬂperature and time: om thcse specimens were 1560"? ani: 162 sec..

'.mesef mtmzvith the holes: drilled’ tnrcugh the graphite wrap gshowed some:
:Lvmrcvemt‘ &t the interfuce YIihe: between the two materials.. ThHere:were: visibvle
_cracks: at: the- interface, but: the materisl was not.separstedias: far spart as in the
pmicus: spwm ‘THe: graphite wrap in: the slsbs: with the: 1/ -1, ~Hole: patterm:
. was quite ssversly cracked’ Getween: plies with: one: crack in: each extending to. the
sdg& of the: part,.. THe silice: im: il these: parts had small delaminations st the
“interface with the graphite: The party were: sub,jected to more: haat for 1cnger
period or'tima?thau.tﬁa undrilled slabs. o ,




before breskdown temperature of the resin was reached..

Report 0162-06TDR-9-Vol 2, Appendix VI-A

SN 2168017, Code 0-1 (As-Received)

The recorder was started too late and ~hows a 300°F interfxce temperature at;

the star‘c of test. o L

Crackx were observed ta: d.evelcn in the graphite du.ting fhe test. At- 40 gec = o
loud pop was heerd and the pressurs dropped to zero. This probably coincides with L
cracking of the interface. from tae center to the edge of the parf and gas r=lief IR
through this opening,. ‘ ‘ 4 SR PERRR N
SN 2188017, Code 0-2 (As-Received) |

The maximm pressurs and temperature for this specimen were 26 psi and B20°F.. o
The pressure increase started at 200°F or close to the boiling point of water. S
Sk 2168017, Code P-1 (Post-Cured)

. The pressure increase started at approximately 225°F. Interlaminar geparationm 4

batween materials extending to the edge of part was chserved.at time of pressure drop . ]

to zero. Post-cure of the specimen decreased the vclatiles and seemed to improve the -
aprearance slightly..

SN 2168017, Code: P~2 (post-Cured)

The: temperature recorder was started too late. Pressure. dig, however,. start:

" Dis interface between the material of the. drilled am:si cracked, but aapanted:
Jesx tm the undrilled. slabs.

The maximm temperature and pressure for the two driiled specimens were 86(3‘5r
at 9l sec and 1380°F at: 312 gec..

SR 2168018, Code G-1 (As-Received)

‘t:rdelm.nztestpuk pressure..r

A T At

Ma vag pressure mdicaticn at low t;aixpera.tn.u:er méﬁ graphita wag obs'erv‘et.v

~ m cracks: im the graphitaf linwgossibly devalope& early" unirelimd th& prenure* :
N m:: conld.‘acc:mnt fm: th& bettex: than numa.Lpost? heat condition: of this slah.,
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Report 01£2-36TDR-9-Vol &, Appendix VI-A

S 2168013, Code P-2 (Pozt-Cured)

Although traated like Code P-1 and with even lower volatile content, this slab
had a pressure increase starting at 1C0°F with a maximum of 35 psi at 3C0°F.

Both charred interface shear specimens had very low shear strength.

SN 2168018, Codes S-1, 5-2, 6-1, 6-2 (Drilled Srecimens)

The drilled slabs, 5-1 and 5-2, with the 1/b-in.-hole pattern showed scme
interrace delamination between the two materials im the neat-affocted area, but the
graphite and the silica wrap did not show any delaminatiors.

The drilled slabs, 6-1 and 6-2, with the 1/2 in. hole pattern had no continuous
delamination between the two materials. :

The aversge temperature and time on these specimens were 1530°F and 243 sec.

Temperature- and Pressure-vg-Time Curves

Temperature- and pressure-vs-time curves for various specimens taken from
full-size cones are presented in Figures VI-A-1 through -11.
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Repart 0162-GGTOR-G-Vol 2, Appendix VI-B

Code SC-1 (Snap Cure)

This specimen had an extremely low volatile content in both wraps. The
gravhite and the silica wrap separated camrletely at the end of the test. The
. bonding material used between the two wraps burned.. _ :

After the test bota wraps appeared hetter than any otler test samples with:
no cracks. The graphite had a hard, good char, but the silica appeared low in

o interlaminar strength as plies readily peeled off when the part was strained. The

DAY 177 17 SN TS A

Eaan rcer T e
DR R

o . s . -
SR Pt T AT AR .

individual plles seemed smoother witk less mechanical bond between them than in
conventionally made wraps.

The uncharred interface shear specimens showed interlsminary failura in the
8ilica wrap at low tensile values.. The charred gpecimens: aeparated during charring
at the interface.

Code FSC-2 (Snap Cure)

The: results and cbservations for this specimen are the same as for Code
FSC-1.. ' 4

Code 96-1 (Water Added)

No water penetrated. inta the graphite wrap and: only very little was absorbed
by the silica wrap. The method used did not provide sufficient force for water:
penetration of the materinl. Instead,. the water was forced along the su.rfacn

. :bntweemthabaganﬂ.the mmmwmmmu e N

';.‘hu:tahmdnndelminationximthasmca

L'ode 96-2 (Water Added)

This specimen develcped a blister similar to the cmes seem in. cones of fired

silice at the interface with the: graphite.. DeIan:in;tions md’_pcpxwere observed
in the mphita wrap at peal: pressnre.. '

-
b i R kagniesa

Thts specimen delaminated to the edge of the putr'hetwemth& mteriala, o

-9tz VT motoes, | Thix part did not sepsrate 217 the:waw to. the- edse.bedneen the:. .. .}
W,mtmmwmmmwmmmmmm "”"“f“‘“

wsmm%mmmmwm part: at"

Thisrrpecimen-opensd:
peal:prems‘ Ths tmperam ww ahnnm.ﬂwlav &m:: u possihly incorrect-
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~hwport Clod=- IR Y-Vul T, Appendix VI-B

\

Cede (2-1 (Medium IRPT

A sharp pressure-increase ccourrad at the boilling temperaturae cf water; the
reak pressure was LU psi. '

Code €2-2 (Medium IRPI)

“he temperature pickup was faulty on this test; the maxirum pressure was
23 prt ) _

Code 03-1 (High IRPI)

No pressurz developed at the interface of this cpecimen. The tart was
observed to develop interlaminar cracks in the graphite wrap early in +the test,

Cede 03-2 (High IRPT)

A very low pressure, 6 psi, was measured. BRoth 03-1 and 03-2 were observed
to develop interlaminar cracks in the graphite wrap early in the test., These
cracks may have released pressure and thermal stresses and could be the roason for
the improved postfire conditicn of these parts.

Code 92-1 (Special Debulk)

A crack was observed to develop in the graphite wrap at pesk pressure,
46 psi. The volatile cuntent was relatively high and may account for the severe
delaminations at the interface between the two materials. :

Code 92-2 (Special Debulk)

This specinen developed a blister similar to those of some cones from fired
Wing VI motors. Delaminations were observed at peak pressure, but the gas release
orening in the graphite wrap formed by the delaminations may have been insufficient
to release the gas as rapidly as it was formed. This is also indicated by the slow
pressure drop-off. The volatile content was very high in this cone.

Code Si-1 (Special Debulk) - ‘ . e L

This specimen had high volatile content and delaminated quite severely.
Code 242 (Special Debulk) '

Tiree lcud pops were heard before any pressure was indicated. One pop -
coincided with a sharp temperature increamse. The popping noises, which cbvicusly
indicate either interface or interlaminar crackings of fairly solid materials,
were probably caused by thermal expansion stresses. The sharp temperature increase

-~ may be caused by a shift in the thermocouple when the part cracked.

Page VI-B-2
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Temperature- and Pressure-vs-Time Curves

Temperature- and pressure-ve-time curves tror variocus specimens frocm subscale S
exit cones are presented in Figures VI-B-1 through-1l. ‘

. [
j . e
t . - - . i s
- -
- " 4‘ - N -
- . . 2
. ;
" t
' h
. i
s
4 K
£ i
& .
* -
v T




duo) dTedEqns PpaIN)-deug JULIUGD ITTIVTOA-MOTY ] . . W
013 1-)Sd UdWYOBdS J03 EIAINY ODWIL-BA-BINSEDIY puw -~-danyerbdud)

238 ‘3Ini}
001 c8 09 oy 0
g s - - o
m B e W | \\.\%
. LELR T ST B 1 i r\ —~—
| ] /
——
e
] - ooy
o \ m .m.
- L e
© K od !
5 m%téua:u,u \\ 000 nm_
-l :
- | a1 ..
v \l
Q - 008 .m.
3 i
. o - ;
— ] {935 LEL 1Y 3,008 S} _
JUNLYHISNI | ORIy Y t ocot .
6 =
2 m
» 9
SN 7] m
S 3
a2
42 &
_ !
-

‘. . -
; . . , .f».,u..}.;.,ﬂ%.,,“.,?,\.Eu%«.,v.f.éu.,?..?x&mm%ﬁ;wgﬁawm




00 SYEIEgng painy-dvug

b1 a’.w

twww w:uuu ec-qwoau 205 voAIN) ctyk

*NoMD0D SYFASTOA-MOY
CONOneRbRY Duv ~eimye

0ot od (]
1 ) {
u!:waul&-
oniveianay] s
) . .
‘\L\
538 LCL AV 2,000 81
JWNLVYUISNIE W I XY R

PHk BV

o - U e T




= TN et ey ooy e e 8 e g o e+

0162-06TDR-9-¥al 2

w013 1-96 Uskisadg 203 SIAIND IUIL-BA-INEEHIY pue -ou:unuuﬁaﬁh

(9313 Fugang pappy 393mM) duo) vIRISQNg

018 ‘anty

g

\

_ 43un1veranag}

-~

>
v

536 641 4V J.008 1]

IWLVEIANNL MO

« .
25 WEE A R :J.#»«ﬂ%a@mw&mﬁ?g..wwﬁ

Bigure VI-B-3

T

e T VIR

Y A FE VY

AR




~(0amd Fuping poppy FYaN). $00d
&mw mpcw ic..oo._n wou EININ) SuEL w»woww

‘ I £ $9Y ‘W)

deging .
Pub 0IA

[ L .

. . [P . P P s ey

L . Y o o Lo

EY . s R P L o
L R = . L P L. .

AR R

IR SRR R ot ST R A

Pigure VI-8-6

Y
L.




s e v = e g e

0162-06TOR-9-Vel 2

pame S

R SRR : Tam YRy ? SR L e S i MBS Wy

duo) aywasqQns YaNt ko .
BoXy {-66 uIMIDAIG JO5 EIAINY IBIL-SA-DINESITY pue -danjvisdmay

038 *ami)
] ’ 09 . ol 4

W
,meu»qmuazu»_

16w “ZunceTRg:

4

Figure VI-B-5

v e




sud) Siraeqn
xwww ﬁwoa coSu&w io) seAiny otmknmmmowsw:ku v..‘ vvgcig

§§§ K DR o VA0 TP st €T 1 s el v i

e otems ot blad b




WO) TSNS IJYT wWNTPIN
DO3y {~2(0 UINMIOIAG JOF SBAIN) IMEL-BA-IINSSIIJ pue -danjeasdmay

548 PN}
o 03 c) : 44 0e ,
v g e rarstee - R S TUL s AR A U R e Y o e e g
2:1883u.) T~ Py —

o e

Ill!if‘ \\\\ - i%!$\\\\i\\\
_~

0162-06TOR-9-Vol 2

233 £352 1V J,. 054 )

AVNLYRILIZL PFANIXYR

IS¢ "IungaIus :

ooy

Figure VI-B-T

do *JnMLvEIaMD)




[PRPTIORERURNIEIINN

s

i e O M s —oomi Kiat 411 N o A ety

WA S

IS Y

e

0182-08TUR-9~-Vol 2

L - suog steseans tait o
iy -20 cocwuoau 203 seAsng o-ﬁ.-;,&usm-o& eﬁ

238 ‘sl

vt»:&tg.m.;n

ool : 08 (o]
!i!gtg
..lYiESSmM'
1 _:
[Xi3Av3 8va onw5id Suniviaaniil
hususnmadiiin ' nengund




P N N

AR

_V

[o = 3unesaug]

0162-06TOR-9-Vol 2

iv 4
IUNLVUIMIL I EXYY

006

3uo) stwosang fdwi Udrn _
wo3y |-£0 udwpoads 303 GAIN) SWIL~-BA-BINEEIIY Duw -dinjesadumaf

238 ‘aniy

Pigu:e‘VI-BfO

#F




R U L RSt i S AR e e v

0162-06TDR-9-VoL 2

L o prs it it ?ff T ———

- . suoy steseqns tiwt NI S e
._.ouu 2-£0 tsmtssdg 303 seAzny ._.gvn?.&z-:t?* ~33hjisduag
538 ‘ami| ‘
ool o8 09 oF
Py ————y Uy
. e .
[runssay

P RRARIL ¢ A e bt o




0362-06TDR-9-Vol 2

-~

v o S ST ik SEPIPATUIN K he SIS e

auoy agessqns Xinqdag teroads .
wo1s |-z UIMFIIAS I0F $IAIND IWIL-SA-IINEEIIJ Puv -3Inje3adwsy

238 ‘aniyg

08 09 Cr oz

Y

—ua:mmummﬂ

\

N

J
ARZg
/
,

[3eravaianai]

18d. *3unss3ud

o
cog
- 00¥
o0
B
@
008
5
000}

s 3t o e A i S

e gy ity -




R S

APyl W RGO e

0162-06TDR-9-Vol 2

oot

+ ¢

suosy steoeqng uaaama;*m¢uumu

wo1f g-py tawpoadg 16} #AIM0 ImpL-sAsddheeaid pue -uu:uiwxmnsw |

838 ‘st |

o8 | ) ob

T

e n e e =

0g

Z/

<y IE83ud)

-

i

N

|t¥vHa 3univuaanay on}

-

R

"4
g
' Figure VI-B-12

60l 000k

. ¢ 1Sd *IUNESING:

A g i e ey~

e ke P o 5 bt > etk




. wuug wEsIsGNS ATGEQ (eFIRAS Lo e m— e T o "
fa.ou.«.-g:oauuonmucwoo>usoss«kna>..ow..eeuumvcauou::.u&uok .

538 ‘I
: 04 : o8 09 .

T —mx::mw&u&:ﬂn“““\g

o
- ; °
© JNRUEERDEDS IR
3 %
o )
2| — S S - B
E M |
o
o) S — J— -
U
< : B
‘-
o _ - _— ..
- - 4
Ju— e
-
RS S, SR S
CEIRRMAS ¥ e e LRGN




0162-06TOR-9-Vo1 2

| u0) TESSQNS NTNASE YEYOMAR
WOXF Z-pd VIWEIAS 30F SIAINY JWEL-SA-OINEEEIY Pue ~SInyeiedmsy
R ER :
001 0% 09 or o2
——
—wssang) P " .
L _—




AT SRR R

Shi Fadiswhi

-
5

ki
SN VISR

feport 0162-C4TDR-9-Vel 2

APFERDIX VI-C
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FIGURE LIGT

Description Figure
. 7.54<1n. Bond Release
Stress Strain Curve for Epon 2216 : VI-C-1
' PN 5014 Meridional Stress S vI-C-2
'm 501k Hoop Stress | VI-C-3
™ 5020 Meridicnal Stress VI—C—J&
F’MISOEO Hoop Stress vI-C-5
Epon 2216 Bond Normal Stress ¥I-C-6
Epon 2216 Bond Shear Stress VI-C-7
Interlaminar Shear FM 5014 - FM 5020 VI-C-8
6AL-4V Titanium Hoop Stress VI-C-9
6AL-UV Titanium Meridional Stress vVi-C-10
System Deflection Curves VI-c-1t

SMn. Bond' Release

X 5016 Mertdional Stress . o VI-c-12
* P 5020 Meridional Stress | - vI-C-13
‘v Sea Level Exit Cone Hoop Stress VI-C-1h

Epon 2216 Bond Shear o VI-c-15

Bpon 2216 Bond Normal Stress
Syreel Deﬁectfon Curves

. System Deflection Curves far vm.m Praof ren
oo, Cond it
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"hHe stresses and deflections of *he Wing VI nozzls suppors strusture ond
sea-lavel exit-cone liners werse determined using the IR! 7094 camputer grogram
mumber 15063,

The program for analysis of axisjymmetric structures subject to thermal and
-mechanical loads is based upon the finite element method which replaces the basic
structure with a asystem of rectangular ring elementa, The program i3 capable of
handling multilayered, transvarsely lsotvopic shells with varying tomperatura and

mechanical loading conditioas.

The basic nozzle configuration was analyzed for various envirorzental cone
dittons, Analyses during motor cperation were ccnducted at ignitlcn phase, aftar !
lesec of firins 31 at the end of the operation, and after 70 sec of firing. The !
proof test envircament was analyzed for effects of pregsurizaticn at both 570 psi
and 627 psi, along with a simulated back pressurs in the sea-level exit cone. At
the 570 psi proof-test enviromnment,

The length of bond relsase ia the vicinity of “he T-joint was also investi-
gated to determine tiae optimum release configuration. The analysis shows the
‘effects of a basic 7.54-in, release length and the changes in stress at critical
locations for a bord release of 6.0k in.

The 7.5L-in. release length is very close to the optimum system release
length as evidenced by a significant reduction in bond stress and sea-level exit-
" cone stress levsls,

To ccmpare the reduction in stress levels at critical locations, the basic
structure was also analyzed for a fully bonded titanium, exitwcone interface.

The results of the analysis are shown in the various graphs listed in the
table of flgures, and in the general aummary of stresses at critical points
throughout the structwe.

In conclusion, the analysis substantiates the structural integrity of the
pregent configurations, with the sza-level exit cone released 7.54 in. in the
vicinity of the T~joint. The stresses induced into the various ccmpouents are
generally well within acceptable limits.

A congervative estimate of the true bond stress was made using the assump-
tions that the total energy in the bond line must remain constant (see Figure VI-C-l
- and page VI-C-5, and that the stress encountered must Jie along the stress strain
& - curve, It i3 also ncted that the value of bond stress is a re-entrant stress con-
fined within narrow limits, The actual bond streas encountered is within the
3 allowable ultimate tensile strength and also, the total energy within the bond
element 1s well belov that alloved 1n the specification minizmums. 1

Tha varioua proof-test environmcnts»were‘investigated in an attempt to more
closely simmlate actual firing enviromments. The varlous pressurized proct tests
do not significantly change strasses in critical arens and it was found that the ]
627 psi proof-test environment was, in most areas, a reasonsble approximation of :

" actual firing conditions, with the cptimum bond ralease of 7.54 in.

Page VI-C-1 1
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B5 change in the present bduckling allowable or nozzle end dbolted joint
stresses will occur 28 a result of liner releage. The values in the present
Wing VI Minmuteman stress analysis are still applicable to the structure snd have
not been included as a portion of this report.
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The stresses and deflections of the Wing ''I nozzle support structure aad
sea-level axit-cone liners were determined using the IZM 7004 camputer program
mumber 14053,

»

The program for analysis cf axlsymmetric structures subject to thormal and
mecnanical lcads 15 based upon the finite elexzent wethed which reoplaces the baslc
structure with a system of rectangular ring elements., The program 1s capesble of
handling multilayered, transversely isotropic shells with varying temperature and
mechanical loading conditlons.

The basic nozzle configuraticn was anslyzed for various environmental con-
ditions. Analyses during motor otsration weve conducted at ignition thaae, after
l-gsec of firinz and at the end of the operaticn, and after 70 sec of firing. The
proof test environsent wad analyzed for effects of pressurization at toth 570 psi
and €27 psi, along with a simulated back prassure in the seaslevel exit cone. At
the 570 psi proof-test euvirorment.

The length of bond release in the vicinisy of the T-jolnt was also investi
gated to determine the coptimam relesase confizuration. The analysis shows the
effects of a vasic 7.54-in,. release length and the changes in stress at critical
locations for a.bond release of 6.Ch in,

The 7.54-in. release length 1s very close to the optimuxm systenm release
length as evidenced by a significant reducticn in bond stress and sea-level exit=
cone stress levels,

To compare the reducticn in stress levels at critical locations, the basic
structure was also analyzed for a fully bonded titanium, exit-cone interface.

The results of the analysis are shown in the various graphs listed in the
table of figures, and in the general summary of stresses at critical points
throughout the structure.

In conclusicn, the analysils substantiates the structural integrity of the
present configurations, with the sea-level exit cone releaged 7.54 in. in the
vicinity of the T-joint. The stresses induced intoc the varicus ccmponents are
generally well within acceptable limits.

A conservative estimate of the true bond stress was made using “he assump-

E2a S, oo ) T S

tions that the total energy in the bond line must remain constant (see Figure VI-C-l

and page VI-C~5, and that the stress encountered must lie along the stress strain

curve, It i1s also noted that the value of bond stress is a re-entrant stress con-

fined within narrow limits. The actual bond stress encountered 1s within the
allowable ultimate tensile strength and also, the total energy within the bond
element 1s well below that allowed in the specification minimms.

Ths varicus proof-test enviroments were investigazted in an sttempt to more

closely simmlate actual firing enviromments. The varicus pressurized proof tests
do not significansly changs stresses in eritical areas and it was found that the
627 psi proof-test envirorment was, in most areas, a reasoneble approximation of
sctual flring conditions, with the optimum bond release of 7.54 in.

Page VI-C-1
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DESIGN CRITERIA .

Two proof ccnditions exist according to Specificazion—AGG_jZO%A.
Condition I ST0 psi in 1.5 sec
Conditicn IT 627 psi and neld for 1 min. ' ..

The pressurization rate for Condition I is much lower than that encountered
in actual firing, 570 psi in 300 millisec. Therefare, it will not be as critical
az Condition IT and only Condition I will be analyzed.

BSD Design Document £12C-8726-7C-C2 requires that there shall be no evidence
of excessive deformation (ylelding) at the proof pressure of 1.10 x MECP (627 psi).
The document further requires s minimum ultimate facter of safety of 1.15 on the
pressurized motor case chamber.

All margins of cafety quoted in this rep'ort are based on actual critical
environment and do not reflect the required 1,15 factor on the titanium support .
structure or the 1.25 factor on the remaining ccmponents. All marging of safety f
do exceed design requirements, stated above, as shown in the general summary of !
maximm stresses.

Aft Closure and Nozzle Support Structure

IR 369722 Nozzle Assembly
DN 384021 Buusing, Annsaled .
DN 369937 Liners, Exit Conme :

o

‘TF 367950 Bolt, 12 Folnt, NAS 626 .

* APt (losure Housing - EATAV Titanium

F,, = 130,000 psi minimm ; .

F,, = 120,000 psi minimm L - .
Bending F = 187,500 psi Reference Convair '
Yby = 140,000 psi - e sm; m

Yamgswodulus I6J&xlo pa.t

LY R

- 'YBIougaticn afmnmm
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Deaign Criteria (contn,)

* Linerg. Exit Cone

Inner FM 5014
Outer FM 5020

FM 50i4 - Graphite Tape and Phenolic Binder

Ftu = 2500 psi meridicnal minimum at 20 degrees
Ftu = 5200 psi hoop minimm

Fcu = 11,500 psi minimim at 20 degrees

E, = 1.6 x 106 psi

Ec = 2.0 x 106 psi

M 5020 - Siliza Tape and Phenolic

%)
[t}

L470 psi minimum meridicnal at 20 degrees

5
]

= 15,900 psi minimum meridional at 20 degrees

2.0 x 1® psi

1.8 x 106 psi

L5 I |
[ (1]

Epon 2216

F*tu = 1250 psi
Feu = 1000 psi
E = 16,700 pai

Inter Laminer Shear Between FM SO1L and FM 5020

F . = 1500 psi at room temperature
F,; = 200 psi at end of firing

* Reference U, 9. Polymeric Co. Material Data Sheets and AGC Test Besults

Page VI-C-4
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CAICULATICN CF TRUE BCOYD TENSILE STRESS

Assume that the work done by the vond must remain censtant, i.e., the area
under the stress-strain curve mus® yield a constant energy function.

Elastic Stress

1225 psi ‘

Elastic Strain = 7.25%

Ep = % 1225 x 0.0725 = b L1 lb-in./in.3

FIRST APFROXTMATICY

o bond = 800 psi

o = oof
* boma = 12:25%
El = 49,00 lb-in.in.3

SECOND APPROXTMATICH (See Figure VI-C-1) %

cr’rmmi = 750 psi

€ vond

E, = 42.19 1b-in./in.

11.25%

FINAL APPROXIMATICN

cbond = 765 psi
‘bond = 11.6%

gF‘= L4,37 1b-in./in.>

MINIMUM ENERGY PER SFECIFICATICN

g = 1250 psi Mindrm U,T.S.

€ = 35% (Minimum percent elongaticn)

B = 218.75 1b-in./in.3

4.,_»...
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SUMMARY COF EJECTICN FrRCES
- ]
- Farward % 1
‘3 Axis §
:
PO
‘ AL-4V Titanium ]
ot Support Structure ;
3
Motor i‘ 4
4
Epon 2216 -
Bond 1
i SN g
2 |
, g
! Z F in the Z Axis must equal to zeroc* : , ]
At: 627 psi, procf test: Foject = 85,000 12 | .
970 psi, l-sec firing: F eject = 75,300 1

‘570 psi, end of fm: | rgject = 61'.‘30 D!
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Figure VI-C-1
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The objective of this porticn of the program was to demonstrate the pere
formance adequacy of an igniter initi{ator havirg an unbonded, solid pslyurethane-
foam spacer in place of the current perforate’ tonded spacer.

A. TASK DESCRIPTION

igniter hardware., Piring-train test fixtures were used in accordance with the
requirements of Project Directive L1e020 of Repnrt 0162-06PS~2. These six units
were locaded with the standard LO-gm BPN-2A pellet initiator charge. Two initiator
units vere assembled with standard polyurethane-foam rings (PN 367273} for conmtrol

0.50-1n.-thick AMS=-3570 polyurethane=-foam cushicas. Each unit was serialized and
coordinated with oscillograph recordinga.

with aft closures and burst discs to simulate the actual igniter configuraticn.
The six unita were fired as a lot at ambient temperature and pressure conditions.
The performance of each of the six units is plotted in Flgure VII-1 for ccmparative

and demonstrated good reproducibility. As shown in Figure VII-1, the control.
initiators that were equipped with the standard rings demonstrated a wide variance,
or spread, in their respective performance curves. No explanetion of th’)s spread
can be made at this time; however, the spread is typical of previovs lot-to-lot
variations in initiator perfermance. No indication of excessive stresses in the
initiator hardware was cbserved during postfiring examination.

e i
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V1iI.

IGNITER INITIATOR MATERTALS-ANDePERFCIMANCE FVALUATION--
PRCJECT DIPECTIVE 41-C20

Six igniter asgemblies were prepared from standard Wing VI Minuteman

‘The remaining four Initiators had solid, unbonded, 2.30-in.-dia by

The initiators were fired into blank igniter chambers that were fitted

CONCIUSIONS AND RECQMMENDATICRS

The four initiators having the solid foam cushions performed adegquately

Based on the performance of the solid foam spacers, it is concluded that
the cblectives of the program were met. However, since the exact causes and effects
of spacer degradation on normally aged and accelerated aged items are not known,
additionsi studies are required before modification of the Wing VI igniter initiator
foam spacer can be recommended.
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) VIII.
CEARACTERIZA‘TPF OF PYROTECEY.C ICHITINT FROPERTIESe-

e p—

— "
r-'Ou..u.. CIZECTIVE 4 l=C22

A. CQMMARY

The oblective of this program was to characterize the igniticn properties
of advanced propellan*s, propellant plends, and pelleted-form pyrotechnics. Of
primary interest were pyvotechnics having wide temperature« and altitude-range
capabilities. . .

Arc=-image furnace testing was used to determine the time to ignition
(at a constant heat flux and at variable pressures) for the propellant aad propel-
lant blends. The resultant data were then used tc determine the variation in
ignition properties resulting from burning rate, oxidizer ratio, and btinder type
for the propellant and propellant blends testing. Clcsed-bomb tests were used to
characterize the pyrotechnic pellet cutput..

B. TECHENICAL LISCUSSION

l. Protellant and Prcpellant Blends

Various propellant samples were prepered for arc-image furnace
testing in accordance with the requirements cf the orojlect directive. All propel-
lant tests, except those for the berylli'm (Be) propellant, were conducted at Eill
AFB by the Material Test Seciicn of the 2775th Airmuniticns Wirng; tae Be propellant
sample wag tested at the Rermite Powder Company facilitles, Saugus, California.

a. Arc-Image Furnace Testing of Minuteman Propellant

Tests at EIll AFE were made of samples of Minutemar Wing VI
ANB-3066 and of one sample of Polaris A3 propellant. Variations in blending and
properties of the propellants tested are chown in Plgure VIII-l. The test temper—
ature wvas 72 + 2°F, and testing was corducted in an inert-atmosphere. The arce
image furnace heat £lux was TO cal/cmz-sec. The genersl cbjentives of the program
were met; the pertirent correiations concernizng the effect of oxidizer ratlio, binder
type, and liquid strand burning rate {L3ZR) that were determined are discussed
below. .

Factors affecting threshold Ignition time were investigated
using Aercjet computer program ASCS1D (oneeway muitiple co-variance anal:rsis).
The polybutadiene (oy vendor), absolute pressure {log transformed)
cxidizer ratic were correlated with igaition time (log tra.nsfomeds

Datx from thls study showed different relationships with the

-pchbmdiem from the two vendors (significant at the 0.0I4 level). For both

vendars materials, the effect of pressure was significant at the 0.000 level. Fgr

Page VIII-1
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VIIlI, B, haical Discussion (cont.)
H
. |
Phillips polytutad!l ene, LZ2R and cxtdizer ratio had marginal effecis (significant ]
at the C.12 and 0.C6 levels, rescectiveir). For GT&A sCayhutaaiene, LT3R was ;
-~ i
significant at the 0.CO1 lewe]l k= 2xidizer ratic was not signifi.2ns. Th2 lack )
cf correlation with oxidizer ratic may be a result of a very narrcw -ange cof “his H
variable for the GT&R data. i
i

A lirnear relaticnship of the threshold iznition time with i
the nbove varinbles was also investigated but this correlation was lezs concluaive. i
The effect of pressure on the threshold igniticn time is shown graphically in i
Figure VIII-Z2. :

Hill AFB personnel who conducted the tegting -
the test requirements. Instead of testing at the requested 0, 0.15
1.0, and 3.0 atmospheres, the tests were performed at C.85, 1.0, 1
and 4.85 atmospheres; the ambient atmosphere conditicn at Bill (Lb
was used for the zerc atmosthere reading.

s 5’

.1, 1.35, 1.8s,

50-ft elevation)
The data are still of value inasmuch as the exhaust gases

from the moter igniter are capable of inducing & pressure inside the case regard-

less of ambient conditicns. For *the Wing VI second-stage motor this value iy

arproximately 20 psia at vacuum conditicns. The arc-image test results are shown
in Figure VIII-3.

b. Arc-Image Furnace Testing of Be Propellant i

The Be precrellant (Lot G5-Be-53) was tested at Bermite
Powder Cocupany facilities. Because of the low flame temperature of the propellant
(with respect tc radiant energy) it was found difficult to determine time to 4
ignition at the two lawest pressure levels (O to G.15 and 0.25 atmospheres). The
results of the arc-image testing are shown in Figure VIII-4. (Comparison of results
for the propellants tested show that at the same pressur the threshold i tion
time of Be propellant is approaimately double that of CTFB propellant.) !

¢. Expected and Observed Ignitability of ANB-3066
Propellant

Baged oa arc-imuge furnace data from Standford Research i
Institute and ignition studies perfor .24 by the Aercjet Propellant Ballistics
Department (bSEl), good correlation between the predicted (arc-image)} and cbserved
ignitability of ANB-3066 propellant for cast to RiV-60 surfaces has been demonstrated
with respect to full-scale Wing VI motors. In the case of the Wing VI igniter,
however, the expected difference between "cast to RIV-60" and "cut surfaces” has :
been the reverse between expected and obierved performance, i.e., cutting or i
scraping the propellant surface after casting has improved the jgnitability of the i}
propellant. The reason for variaticn in expected and cbse ved differences in the
igaiter can be attributed tao:

Page VIII-2
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VIII, 3, Technical l*scussion (cont.)

(1) Variaticns in oxidizer blends tha* produce e fuel rich
propellant surface, which is more difficult to ignite.

(2) Differences in the mode of hea*t transfer to the propel-
lant susrace in the igniter, motor, and arc-image furrcace which made correlation
difficult. .

{3) Lack of igritability data at the high pressures and high
heat fluxes experienced in the igniter.

2. Pelleted=-Form Pyrotechnics

The closed-bomb experiment was used .3 determine certain balllistic
properties of boron-potassium nitrate (BPN) and magnesium=tetrzflucroethylena
(Mg-TFE) pellets. Parameters measured were thes effective force constant (£), the
burning rate (r), and the effective ratio of specific heats (y'). The volumtric
loading density of each rellet configuration was also determined, apdi several heat-
flux measurements were made using the vented bomb to determine the heat of explosion

of both compositions.
a. Test Apparatus

The JANAF closed bormb used had an initial free volume of

Lr.6 in.3 The BFN charges were contzined in finger cots and charge ignition was
provided by a Hercules S11-42 squib and a 4OO-milligram, 3FN~-powder booster. This
technique proved to be inadequate for ignitica of the Mg-TFE peliets; comsequently,
an additional series of tests was conducted to determine the best method for con~
taining and igniting these pellets. A glass-cloth bag vith a Rercules 311-AZ2 squib
and & 400-mg BPR powder booster was ultimately used. Pressure measurements were
made at charge weight3 of 5, 15, and 25 gm for each pellet configuration of boih the

BFN and Mg~TFE comprnsiticns.

The BPY pellet configuraticas tested were: (1) the 24,
cyhndrical shape, 0.125-in. dia by 0.188-in. long; {2) the 2D, acpirin-tablet
shape, C.25C-in. dia Yy 0.130-in. bi-convex; (3) the 2M, cylindrical shape, 0.125«in.
dia by 0.10C-in. long; and (4) the 2E cyliuirical with comvex ends, JU.250-in. dia
by 0.250-in. bi~convex. The Mg-TFE pellet configurations tested were the 3L, 3E,
ard 3L.. The 3D and 3E had the same dimensions as the 20 and 2E, respertively,
and the 3L was of aspirin-tablet shape, 0.500~in. dia by 0.250-in. bi-convex.

be Test Procedure ‘
Teats vere mude in order cf descending che ge weight (i.e-,.

25, 15, and 5§ gm}; two tests per charge weight vore conducted. Frior ta each tut
the bomb was pu‘rged with nitmgea gas ta remav- solm or geseous residae. T
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VIII, B, Technical Discussion (cont.)

: As determined in testing, ignitionm train (only) firings in , :
the JAKAP bomb pressurized the tomb to €9 psi, which was subtracted from the : T}
measured peak pressure for each test. -

¢. Huateloss Determination o D o .

A g Mg e

To determine ths heat-loss charscteristics of the JM bomb,
various charge weights of JFN propellant were burned and the pes't pressure measured.
From data given in the SPIA handbook, the force constant for JPN vas calculatad .
to be 3.89 x 109 £t-1b/1b, Using this valus, the heat-loss factor (B ) vas . '
then calculated usirng the following equationt ‘ S )

, o Bl . & S :

R )

vhere: = force conntani:

= total cbarge veight,
- . »peak preum, pu

T hambor  volune , 1n.3

wm < o .

= hest-lou tactor' '

R} v';"ettective co-vomne'

V!riou.n charge weights of JPY propolhnt then wers fired lnd the tnction hut m-’
calculated, the results are shown graphically in r.gure vnx-s ‘

The material used for heut-lou determimtion sbculd htu
tho same duraticn and psak pressure of the material to be tested. Because JFN has
& slover dburning rate than BPN or Mg-TTE, it vas {mpossiblea to obtain similar
- durstions and peak pressures between JPN and RPN or Mg-TFE. A relationship for .

. correcting. for the duration nnd charge in the dotcrnimum ‘of  has been mbmm

veight'ofthc chu-gt. 1t lhouuumdiﬁii"'w

of ﬁ /(1= B) 18 dixivished vhen carried ove over to-
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VIII, B, Technical Discussion (cont.)

d. Tut Results

The pertinent data from the BPFN and Mg-TFE tests are presgmd
in Figures VIII-6, -7, and -8.

(1) ‘Effective Force Constant

The sverage ﬁrfective force constant for BPN 18 6.97T x 10"
£t-1b/1b and for Mg-TTE it is 3.77 x 10 ft=-1b/1b. The orce constant vas calcuhted
without using & co=volume corr mgfen. At these relatively lov pressures, the core
rection would amount to less *£31 1%, ' : s
(2) B'-“.m.; fate |
'Ihc ‘,e #% data for the BPH show that the tims to peaXk prese =
sure varied over a ralative' -4¥rcy range while the peak pressure varied approxie L LA

mately 1000 psi. This indx. “4..t the burning rate of BPN ia nearly insensitive S
‘'to pressurs. The BFR burnir,, _. vs-pressure plot is shown in Figure VIiII-g. The . S ]
burning rate exponent (n) is - 1.2, _which agrees uith the marufacturer's handbook L t :

value of 0.10; the complete cxpxi.4iion i"o"ﬁ° ,65 p9-10 {n,/sec. The expression i
derived from the test data is © = 0.624: p in./sec. T

" The Mgcm bturning rate-vs-pressure plot is presented ' RS
in Figwe VIII-10. The burning rate of this mterial appears to be completely : 3
insensitive to pressure batween 70 and 40O psi. The m g urer'n exprenian

1no “Co

(3) Ei’fective Ratio ot Speciﬁc Helto |

o : m heat of ccnmmltion (q) of igg u 16&5 cu/gm. Usins
this valm and a value of the force constant (F = 9.97 x £t-1b/1b), the effective
ratio of specific heatz ( ¥') is calculated to be 1.043. The heat of copbustion,
(Q) of Mg-TFE is 1500 cal/gm. Using this value and a valus of 3.77 x £t-1b/1b
for the effective "vrce constant, the Y' for Mg-TFE is calculated to be 1.018.
These low valun of Y are the result of condenaed mterial 1n the cambustion
produ.cts.

) St of Bt

A17-gn charge of Mg=TFE 3L pellsts snd &

‘pellets vere burned in an igniter chamber and the ‘combustion products vented into

Apalysie of the: ummm ‘records gave & valus for
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VIII, 3, Technical Discussion (cont.)

0.2 . 0.8
q = 0.0288 § (—fg——) (-"‘—)

vhere: Q = heat of explosion, Btu/lb
g = dynamic viscosity, ib/zt-sec

igniter mass flow, 1bfuaz

At n port flow area, ftz

He
[ ]

(5) Conclusions

Data indicate that while both BPN and Mg-TFE are
nesrly insensitive to pressure, the BFN wculd be the desirable pyrotechnic because:

(a) The effective force constant for BPN is approxie
p%yly double that of Mg-TFE. .

(b) The heat of explosion 1s higher for BFN.

(c¢) Mg-TFE requires closer confinements and higher

flux for ignition and sustained combustion.
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Oxidizer Liquid Strand  Oxidizer Surface
Propellant  Polybutadiene Ratio, Burning Rute, Blend Condition
) Batch Manufacturer % Ung: % EOMP 1njsec Ho. 0" Sarple
LDt Pufllips 72128 0.335° . 5165 cut 3
- LT-DU-bl Phillips. 73:27 6. 320 5152 Cut k "
1T-DU-T7  Prillipe 77:23 0.332 5170 Cut .
»z . . ' . - ¢ : ;-1
L remss Phillips 84116 0.326 5170 Cut 3
o A7-D6-Th CTeR 77223 0,321 5152 Cat- B
. 17-m-8L omR 76:24 0.326 5165 cut .
17-pu-88 GT4R ' 78:22 0.331 5170 Cut P
2’ mz%g’ - ) ree . maw - cut 1
FIM-003-3 -, Phillips 85:15 0.327 5279 Cast to |
. RTV-60 -
PR-00L4~-10 CTXR 78:22 £.316 5170 Cast to i
_ ' ‘ RTV-60
'§°-  PR-0OL-67-  OMR - 78122 . . 0.329 . 5170  Cast to
{ T-AP 6-2h R T R T i o *
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2ateh Mo, No. Prepsure, Atmna® Tiowm, milligen
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vy v v S iy e

MR o R T

. e

Propellant

Rateh Mo,
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17-DU-83
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17-DU-Th

1T-0-Tk

17-mu-81

Sample
No.
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Teat Clarcer
Presgure, iimag¥

2900w
8&&3838

Bame a8 above

Same 2s sbove

Same as sbove

Bame as sbove

Are-Inp !‘umco ‘ne:t Beaulta .

Hcm vzn-a, heet 2 of 3
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17-1-88
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Sarple Test Chamber
. Preggure, Atmog#
TA 3.00
o 1.00
0,50
. 0.25
N 0.15
0.00
T8 Same as above
Polaris Same as above
bl Seme as above '

" Arc-Image Furnace Test ﬁésulta’

fi ‘ﬂ-3‘;55§ef’éyq‘ 3¥i

Ihreﬁhold Igns

. -~
Time, millis

R 2R 2 At e i

tion
a0

L3
62
€6
72
: 79
85
37

23
60

74
76
' 87

31
0
89
k5
172
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' Flux, ca l/cme- rne

70

3 ‘ - T0
3 ) S,
1 T0
1 , - Lo
0.5 T
0.5 Lo
*No reducible traces obtained. -

;

**Igrge spread in data.

s R omin = O 1Yy

B

Average Ti=me to
Ignition, m11ligeo
BL.10 f
173.75 :
871.L¢
i

177.30 :

111.20 :
1gk.Lo

185.50%#
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Time to Effective Fzorce
Pellet Type/  Peak Pressure, P, Fraction Constant F, x 3Burning Pate,
Charge wt, & o, psta milﬁisec Feat Loss, B ’-.Oh ft-1b/15 1n,/sec
2A/5 IV 53,5 0.40 8.89 0.984
2A/S 132 53.5 0.40 7.98 0.584
2A/15 132 45.0 0.27 12.31 1.5410
2af15 658 k7.0 0.27 10.90 1.320
2A/25 1045 k6.5 0.20 9.48 1.35%0
24/25 950 L6.0 0.20 8.63 1.360
2p/5 - 260 65.0 . 0.51 9.84 1.000
2p/5 161 65.0 0.41 9.50 1.000
2p/15 518 62.0 0.28 8.70 1.040
2p/15 559 55.0 0.28 9.39 . l.80
2p/25 928 55.0 0.22 8.66 - 1.18
ap/2s - - 985 51.0 0.21 © 9.05 1.270
2M/5 . 209 Lo.0 0.38 12.32 1.250
2M/s 213 40.0 0.38 12.08 1,250
2M/15 630 40.0 0.26 10.29 1.250
M/15 623 " 40.0 0.26 10.18 1.250
aM/25 ".1g2 32,0 020  10.82 1,19
oMf2s 966 . 31.0 0.18 8.55 1610
2E/s 129 130.0 0.46 : 8.68 0.960
2B/5 206 90.0 0.43 3.1 1.390
# ' 2E/15 T27 90.0 0.25 11.72 1.390
2B/15 582 85.0 0.30 10.06 1.570
er/2s 1012 85.0 0.24 9.67 1470
2E/25 858 . 86.0 0.25 8.3

7 Bellstic 'Proﬁeétzi'i‘es of BFN Igniu;m "Pe.uet!s» "
ST Mgure vITIE




B

s g

Report 0162-06TDR«9-Vol 2

T TR e

Vb s v

Pellet ije/ Peck Pressure, Ti;w,to fraction Eg:::;:: ;‘frge Burningz Rate,
(harzs va, gm _ o F8i8 miﬁisec Heat Loss, B 10° re-1v/1b 1n./asc
32/5 95 Gl 0.k 6.16 1.33
3E/5 3 .- 0:49 5.19 e
3B/15 P &5 0.30 h,22 1.47
38/15 186 95 0.30 3.22 1.32
38/25 382 105 0.26 3.75 119
38/25 330 85 0.25 3.19 1.47
35 73 125 C.bs b.82 1.00
35 51 . 0.48 3.56 -
31/15 226 - 109 0.32 5,02 1.1
3L/15 235 100 0.32 4,18 1.25
31/25 37T 100 0.27 3.74 1.25
31/25 B 298 121 0.28 . 3.01 1.03
ws O wm we s s
/s m Cosee L8
20 70 555 .93
a3 6k k.33 1.01
386 61. 3.84 1.06
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Pallet Configuration loading Dansity, zvfece '
BTN uominal Dimensions, io, nvicrated Vitrated
2A 00125 dia x 00188 10{18 0-98h 1.0563
2D 0.250 dis x 0.130 bi-convex 1.053 "1.105 |
P | 0.125 dia x 0.1C0 long : 1.020 1.164 :
. 7
2B 0,250 dia x 0.250 bi-convex 1.030 1.119
Mg-TFE
3D 0.250 dia x 0.130 bi-ccnvex 0.395 1.115
3E 0.250 dia x 0.250 bi-conver 1.051 1.115
3L 0.50 dia x 0.250 bi-convex 0.968 1.115
%
. MMeasurements made using graduated cylinder, 2.30-in. in dia.
=

" Volmetric Loading Density of BPY and Mg-TFE Ignition Pellets®

Pdgure VIII-8
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X
EVALUATICN OF ALTERMATIVE INSULATION MATERIAL3--PPOJECT DIBSCTIVE 41-023

A. PROGRAM ORJECTIVE

The objlective of this program wvas to evaluate recently developed elas-
tomeric compounds that could provide abdlaticn characteristics superior to those of
the nitrile compounds presently used. The screening tests used to evaluate theses
potential materials conasisted of tests to determine (1) metaleto-insulation sdhesicn
and (2) ablation characteristics. , -

n

B.. MATERIALS

The modification of Buma N polymers with various fillers was extensively
studied early in the Wing VI program to achieve maximum thermal performsnce, commene
surate with desired specific gravity and other physical properties. The conclusion
vas reached that the desired combination of properties (dictated by design considera-
tions) was best achieved by the use of the NOL-type formulation. Therefore, it vas
decided that any investigation of new materials should be directed toward nev polymers
that could be tailored to conform to the performance requirements of future designs.

Results: obtained from a preliminary literature search and vendors indicate
that a number of prospective materials exist that could provide performances superior
to those of presently used insulators. The literature search was limited to locating
materials that had equal or lover density, improved thermal and aging characteristic:,
materials that exhibited no particular bonding or other processing problems, and
which were either camercully avauabla s or vere 1n an advanced sute ot devel.opmnt

Four rubber cmxpanieu, General Tire ;n:! Rubber, Goouyear, Goodrich,

U. 5. Rubdber, known to be actively developing improved internal insulation materials,
were contacted at the start of this program; each vas requested to sutcit samples,
based on polymers other than nitriles, the processing fessibility of which had at
least been demonstrated in laboratory testz. Thus, the sssumpticn was made that the
determination of physical properties (hardness, tensile, and elongation) as vell as

- processing evaluations (green building strength and molding tests) had been caupleted
on the samplus prior to submittal. Proprietary rights have been reserved on many of
the materialz submitted and a definition of the compounds is not avaihble. A listing
of the materials evaluated is prasented in Fisure IX-I. o -

Adbuion ‘I'ests e

m mhuion-tu% saxples consisted of 1 x 8 x 0.075-1n. 6A1-4V
itaniium strips to which the insulation materisl was bonded, - . The adhesion system uged
on all samples consisted of H. X. Porter 1127, Chemlck 203 motsl ‘primer, and Chemlck 220
ldhanivt. This esystem is identical to that used in the Wing VI ‘ona-nﬂge motor. %

1 . ey ’
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IX, C, Test Methods and Fesults (cont.)

Sarples vere tested in 130-degree peel according to ASTM D903, Ten individual tests
vere conducted of each matertal. 7The adheaion-test results are simmarized in

Figure IX-2. These results generall, irdicate tiat the H, X. Forter-Chemlock adhesive
systea is adequate for the General Tire and Rubber and Goodyear ethylene propylene
polymers; hovever, uze of the other prospective materials vould require specificslly
desigred edhesive eystens.

7 Adlation Tests

Ablation teats vere condunted {n a plasme-test laberatery. The
plasma generator used was & gas-vortex-stsbilized design mamufactured by the Thermal
Dynanic Corporation. The P-80 plasma generator head was used with e pover cpersticg
range of from 5 to 100 kv, The gas-sirzam heat flux was determined at the testesazple
location prior to each run through ths use of a cold.wvall calcrimeter,

The test samples consisted of 0.3-in.-dis dovels of the insulaticn
material {nstrumented Yy the insertion of s 0.001-in, thermocouple through the saxple
at 0.050 ard 0.180 in. from the exposed surface. These assexmblies vere then potted
to & diameter of 1.0 in. vith roometempersture-vulcanizing silicone rubter. The
ablation tasts were conducted at cold-wvall heat fluxes of 27, SO, und 100 Btu/ft2-sec.

Ablation test resuits are summarized in Pigure IX-3, which shows
the ablation rate vs the heat flux, with the current Wing VI insulatlion malerial,
CTA&R V-45, included for ccmparative purposes. Tvwo ethylene propylene-based materials
exhibited ablation characteristics superior to those of CT&R V-I5, Hot ss s result
of this study, but based on previevs of tschnical litersture,# tha two butyl scrylics

. from Goodyear tay provide as:l.ns advantages vhen uud in lou heat«flux enviromentt.

- De CONCLUSICHS '

The etlvlem-propylens terpolmrn, as & class of insulation binders,
could provide gignificant weight dacreases in the Wing VI second-stage Hiruteman motor.

In addition to having superior ablation characteristics, the adbesioan of
the ethylena-pmpylene naterisls to metal substrates does not appear to be a prodles.
In addition, a further advantags may be gained through ths use of these insulation
materials since ethylem-propylem costs &re apprcximtely 30% of the comntioml
nitrile rutbers.

L inis progrn hal provtdad data dmmsnting tbe cisniﬁunt utfmncu
in lbntion charncteristics of several slastomeric binders and fillers currently deing
developsd. It is recommended that this effort bs conmtinued to maintain contact with

_-stm:.,‘. (A _Bupplement to Design Mevs, mn 31,, 1965)
' "Spocuuy Blastcozoars,” ¥aterials in Design Mwﬁg .lugust 1965

"Polyacrylats Elastamers Attract Nev Intex'est, Chemical and nee
m-, Korvamber 18, 1963 : : o
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Desiznation
3096

570-T2-55-1

5710-72-55-2

5T0-72-55-3

¥-500

D-270-D458

D-270-Dhsh

g

A

S E

Folymer
Ethylene Propylens
Butyl Acralate/Acrylonitrile

-

Butyl Acrslste/Acrylonitrile

Aerylonitrile/Polyvinyl chlorids

' M

Nitrile-Boric acid filled

EPR « Cardbon filled

EPR - 5ilics filled
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Materisl Tesignation Aversse Fael, 1b/tn,
3096 115.0
$20-72-55-1 k.2
£20-72-55-2 12.3
$20-72-55-3 7.0
M-500 T1.0
D-270-D458 Li.o
D-270-Dhs4 8.0
i
e

© - . Metal Adbasion Test Results
s o -
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X.

ROLL-CCNTROL VALVE TPANSDUCER TESTING--PRQJECT DIRECTIVE L1-925

A, INTRCIUCTIDR

The roll control valves in the Wing VI second-stage motor =re gubjected to
several cperatiocnal inspections from the time of fabrication to prelaunch checkout, using
various procedures and different types of =quipment, There 1s poor correlaticn between
the inspection dsta obtained at each inspection point; S“ace-General, Asroneutreonics,
Aerolet-General-Sacramento, FTR, MAB, and launch facility. The differ=nces in the data
cbtained at MAB and tne launch facility were such that four valves cut of a particular
group of eight roll srsrems would be relected for being belsw specificzetion limits and
an additicnal three valves were in the zonme between acceptable and clearly rejectable.
This would have teen four out of eignt potential flight cancellstions.

The lower tolerance limit on the transducer CW output 41llusirates the
magnitude of the problem, The nominal output 1s 5.00 v. The ICD minimm is 5.016 v
which is L84 mv below the mominal., The observed differences from Aerojet to AVE
equipmut are on the order of -LOO mv., Because of tolerance buildup,tris would cause
a high "No-Go" rate if the system were operational. ~he obrerved variaticn on AGE is
Y 170 mv. There is also a bias from Aeroneutronics equipment o AGE of approximately
1ko mv which is positive or pegative depending upon the type of transdjucers 1:1 the valve.

B, CORCLUSIONS ARD RECOMMENDATICHS

i -+ The variation ia transducer outputs between gites is caused by differences
in equipment ard conditions and not by the transducers. These differences can be either
in the gpplied excitation or in the loading effect on the transducer output. Test
results have ghown that the applied excitation is not the major problem op AVE. Eased
on these conclusions, the following recommendaticns are made.

i 1. Data obtained from AGE can be improved by incorporating an improved

- and standardized calibration procedure #n which & standardized simulator or dummy load

. 18 uced. In this procedure the test set readout dials would first be sct to s

, Predetermined reading acd with the similator connected, the 26vac power supply would

. be adjusted for a test set mull indication. Feriodic cross checks from one site to

: anotber should also be required. Figure "A" Item 17106 has been designed as a loed
Yor the test set for use at OOAMA. It is recommended that it be revised to be used as
. & simulator. This change will not impare its original function. Additional qmntities
of thin similstar would. be required fa'r each s‘.te uaing the AGE test set.

f - M'checkmztbequipmnt "sha'ald be used at Aeromtrnmcs fnr valva
checkpri to delivery. This wmmquire three miﬁml AGE test sets. .

2 e My B smaeav e s <
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X, B, Concluaions and Recormendationa (comt.)

4, The acceptance of valves at Aercneutronics using the AGE test set
and checkout valucs established during Task 25 is recommended. The data and testing
performed has demonstrated the capability of meeting specificsticn and ICD require-
ments. The revised procedure 1g described in Section X,F.

If & minimm 1imit of S.400Visused at Aeroneutromics, 15, 65 of the
Kavlico valves can be expected to be cutaide of the current Aerojet apecification
limits vhen tested on o‘ther AGE.

S. The ccmpnter band 1limits should be changed to have the computer reject
on the basis of failure of hoth solencids on one side, 1.e., nmull., This would reguire
an ICD between Aerojet arnd Autonetivs for null only and would result in an eZfective-

loosening of the transducer adjustment. Based on prelimina-y data the ICD cculd be
from 1.60 to L.LO v,

An additional ICD would be required for the "go" limits. This value
would te based cn the xmll limits and the Autometics band for computer resulution,
variability, etc. The "go" ICD limit would be measured on Aerojet AGE only and could
be 4L.90 v CW and 1.10 v CCW. The correspomding Aerojet caoponent specification values
would be 5.20 and 0.90 v, respectively. .

i

The above 1s tased om null calculaticns shown in Pigire X-1 and
aszumed Autonetics values. Additional testing in the mull position would be required.
These recommendations are alternativea to Item 4,

6. . mmmc.wmummmunmmmmelmm
chaekpﬁm-tonpotueldingmmmducerinpkce‘ ' ' i

B ‘LM Mmﬁmofmmmovunﬁmmmtpmntu
recommended., The Bchaevits design 4s more uniform. This will alsc ease the calibra-
tion, settirg, and adjustment required between Aeroneutronics eguipment and AGE by
5pem1tt1ngmoflatuﬂaxﬂ‘pmcm

‘8. - mm nzms for Azrnneutmn:u:a are recmnded.

- mabcnitma,lthrcmha mlqunireamﬁmmactm
Ce

mmemmmammm Mﬁnmm
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AGE equipment was 0.122 v, transducer CW output, between Aerojet Receiving Inspectica
_and EAFB., The largest diffsrence in i{ndividual readings was 0.160 v, CW output,

- -ture differences at the varicus locations.
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X, C, Program {cont.)

OSSN

The program included the fcllowing:

1. Ten roll-control valves; five each with Schaevitz and Xavlico paaiticn
transducers, were tested at Aeroneutronics, SGC, Aervjet, HAFB, ETR and ETR HAB to begin
the study. The results of these tests (Figures X-2 through -2h) established that there
vere differences in the data obtained from each facility. To verify the differences
cbgerved in the valva test results, a dumy load vas designed, built, and shipped to
each facility. Similar differences were observed in the data obtained vith the duzy
load. 7This indicated a need for improving the calibration procedure for the AGE.’

2. Special tests were also conducted to determine the effects of the

significant variables: excitation voltage, solenoid voltage, temperature, AGE vari~
ability and repeatability, and energization time.

3. An investigaiion vas conducted to determine differences between the
AGE and the AVT from data available to Aerojet. No obvicus cause for the differences
could be determined from this data ond 8 more extensive investigation will bde required.

L. Calibration cf the square wave was also studfed. This included
meagurement of the Aerojet test set and an R&D P~90 unit. These tests showed &
deviation in the AGE of 0.6% or less, depending on warmup time; and a deviation in

the P-90 of 0.5% or less. Details of calibration of a square wave are contained in
Section X, G.

5. The AGE dravings were reviewed and found to be in agreement with the

6. PBight valves which vere rejected by SGC were returned to Aercneutronics -
to determire if the valves could be reworked. TIemoval of transducers that are spot weld
in place was proved to be feasible, ’ '

T Identification of all problems involving equipment that Aerojet has
direct responsibility for within the scope of the task outline was accomplished.

D. ARALYSIS

Variability between voltage output readings have been relatively large for j '
the sanme valve from one location to snother. On the average, the largest difference ix

between Aerojet Line 1 and HAFB. These same valves were retested at HAFB on five ]
additionsl pieces of AGE and the variability increased on the aversge to 0.172 v for- ;
the CW position. The valves increase and dacrease in output voltage in groups, = . ..
indicating the variability is protably a result of personnel, test get, and tempera- .
Generally the same valve variabilities are
observed with each tesl system. Diffcrences at ETR were more pronocunced. The maximum

) P I
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X, D, Analysis (cont.)

average difference in Kavlico units betveen Autorotics lad, GIM-060, ard MAZ was
0.272 CW v. The largest difference in ocutput voltages vere between AGE and missile
checkout equipment. Thess differences were in the average magnitude of 0.406 v for
CW readings, betveen HAFB and MAB at ETR for Kavlico units and 9.318 v CW readings

for Schaevity units at the sams locations.

The CCW voltage readings also varied but vere not quite as much &s the
CW voltages., Flgures X-2 and -3 are line graphs depicting the output voltages at the
different locations. Figures X-4 and -5 are histcgrams of output voltages at the

varicus test sites. Data from the retested valves at EAFB are not included in the
Figures X-6 and -7 show that the

histogram but are shown in Figures X-2 and -3.
standard production valves and the special "Tusk 25" valves are fram similar pcpula-

tions.

The special tests verformed at different locaticns were uged in the analyeis
to determine how different factors affect the overall variability. The following
variables vere corsidered (T referenced in the figures ¥ ,resents average slcpe of the

"Task 25" valves,g 1s the standard deviation of the sl.oes, b ¢ 35 gives the 3¢

minimm and maximm values of the slope).

1. ‘Transducer Output, CW, versus Excitaticn Voltage
(Figures X-0 and X-23)

The test daﬁ, CW readings, indicate a very good correlation detwveen

excitation voltage and transducer cutput voltage. Excitation tests were conducted st
EAFB and m and both sites aho-wed 3 cmiatent pattern bemen the tvo mubles.

C e Tnnsducer t CCV versus mtution Vol
: 8 X-9 ard X-2 o

The test data indicated that the transducers vere more sensitive in
the CW position (b = 0.1126 v8 © = 0.007). The ETR data had a more positive sliope
than the EAFB data for 50.5 to 52.0 v and regressed more from 52.0 to 53.5 v.

3. Transducer Qutput, versus Excitation Voltagc, CW and CCW for
25 Production valves, (Figures X-10 and X-11) ‘

“ ~  The results of test data for these 25 production valves were clou
to the ruults obtained for the "Tasgk 25" valve:. CW voltage mdingt continued to
, ahou m umitivity to miution hangu t..:m ccw reulincu o :

!
{
i
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X, D, Aralysis {cont.)

" 4,  Transducer Output Val*agee, CW, Versus Colencid Vnltage
Zrigures X~12 and X-ci}

: The relaticnship btetween these two variables was demonstrated by using
& hysteresis loop of solencid voliacges from 32 to 22 v and then from 22 to 32 v. A .
very slight indication of hysteresis was demonstrated. The loop did not shov a cone
sistent pattern between the valves; breaks {n the curve appeared at 25, 28, and 32 v,
The curves demonstrated that solenold voltage had an effect on cutput voltage.

5 Transducer Quivu%, CCW¥, versus tolenoid Volta,e {(Firure X-12

and X-24 2

The output voltage in the CCW position was similar to that of the
CW position. The difference between the CW and CCW voltuge outputs iz largely the
slopes of the regression lines. The slopes for CW outputs are all negative (output
voltoge decreases as solenoid voltage increased) while the nlopes for CCW outputs are
positive (ou‘cpz.t voltage increases as solenoid \oltage increases).

6. Transducer Output, OW, versgus Terperature (Ficure X-13)

The relationship betwveen temperature and CW ocutput vcltage 1s irregular.
There is a general upward slope betveen the two variables but in the area of 65 to T0°F
the individual readings show an inconsistent "S" curve that does not repeat for each
valve. The regressicn slore is shown in Figure VI-13 (in the 60 to 100°F tempersture
range more variability is from the "S" curve than from the regression). The effects of
temperatures used 2 other calculations use the maximm range tased on the "8" curve.

T+ Transducer Output, CCW, versus Temperature (Figure X-14)

The CCW output voltage were similar to the CW output voltage except
the regression line for CCW voltage is negative.

8. Test Set to T:st Set Variadbility, AGE, CW

Test set to test set variability was determined by analyzing all AGE
test sets at all locations. The statistics in Figure X-15 indicate the average differ-
ence between the test sets and the standard deviation of average differences.
Variability between same AGE and E1R equipment caz be seen in Figure X-15. This histo-
gram shovs ETR readings to be about 0.160 v lower on Kaviico units and 0.030 v on
Schaevit: units. .

9. Test Set to Test Set Vartability, AGE, CCW. m x-16
' The ecw position reaults were simihr to c‘s poaition resulta. mrter-

ences in AGE and ETR equipment are about 0.200 v for Kavlico units arnd 0.090 v for
Schaevits units. These values are consideradly highers than can be explained by Just

'AGE equipment variabnity Figure X-16 ghows the Mstogram for the CcCW volt&ges.




e AN ST g o
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X, D, Anslysis (cent.)

10. Fepeatabiliy on One Test fet, CW

These statistics are a reflection of the average difference acd tle
variability detveen output voltage readings at Aerojet on test set SN 000001 (taken
undsr similar conditions). Figure X-15 shows the differential readings between test
data taken on two dates. Orester differences were found with test set SN RCT 0061 at HAFE
but the conditions were nut the same as with test set SN 200CUOl above (Schaevits
units at HAFB shoved an average difference of 0.052 v, CW, Kavlico showed 0.059 v).
vhe difference was partly a result of the recalibraticn of test set £7 RCT 0041 between
tegts., '

11. Fepeatadility on One Test Set, CCW

The CCW output voltage readings were similar to CW readings. Figure
X-16 shows histograms of the differential voltage readings between the two Aerojet
receiving dates (uverage differences between HAFB test set SY RCT OO6l was 0.O04T and
0.032 v for Schaevitz and Kavlico, respectively).

12. Transducer Output, CW, versus Energization Time (Figures X-17

and X-23)

Cenerally, as energization time increases the CW output voltage
incresses., The average slope for the various test sites goes through gsero for the A
output voltage at the energizaticn time of b gec as theoretically expected. Tha energiza-
tion time represents the di“farence betveen readings taken at 4 sec and readings that
wvere taken at other times; A output voltages ars represented by the difference between
the output readings at b gec and the readings taken of times other than b sec for each
specific valve, The scatter of slopes 1s relatively large indicating tbat the repeat-
ability of this relationship is not very good. ‘

13. Transduct * Output, CCW, versus Energization Time, CCW
@res X-18 and X-24)

Cenerally,as energization time increases the CCW voltage decreases.
The average siope again goes through zerc for the & output volts at the L sec energizs-
tion time; however, the variuoility of the slope is smaller than shown for the CW volts.

K

/b, ETR Vartsbtitty on FM hsh, CW (Pigure X-19) . .o

© .. megt aats from ETR indicated a relstively large range betveen and
vithin each test station. Figure X-19 shows the iz_ndiy'idua.l values and thetim span

_ETR Vartability on FM bsh, cOV (Pigure X-20) .
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X, D, Analyzis (cont.)

16. M Historvy /Ficires X-21 ard X-2C

Error analysis of the position tranaducer considered the variadbles

- that could possibly influence cutput voltage, The variability for these varisbles

vere used in propagation of errors formula (Roct Sum Squaring (R3S) of the stardanrd
_deviations) to arrive at the total expected variability. Using this technique, the
total expected variability of output voltage was computed by determining the cocrmarable
3¢ variability of each contriduting scurce and then taking their ES8's. The tctial
expected 3 g'a are as followa:

CW Output voltage +33 = 0.276, -37 « 0.283
CCW Output voltage +37 = 0,148, -37 = 0.136

Pigures X-21 and -22 show detailed analysis of tha comparables 3g's
ror‘each source of variation and the RS3 of the CW and CCW cutput voltege respectively.

E. INTERIM ACTIONS TAKEN

1. Interim limitg have been established for use at Aerojet with Aerojet
equipment for valves which are outside of specification limits. These limits are
5.140 to 6.13% v for the CW position tased on testing at 50 and 54 v. These limits will
be applied only through MRB action.

2. Six Kavlico valves have been reset by Aeromeutronics to meet specifica-
tion limits using & revised procedure (Section X,F) which asgures tighter control. The
data from these valves is shown in Figure X-25 and demonstrate the feasibility of
resetting,

3. Seven new valves uging position transducers from Kavlico have been set
by Aeroneutronics to meet specification limits using revised procedures (Paragraph P)
vhich assure tighter control. The data from these valves are shown in Figure X-26.

h, The AGE test set will be used for final buyoff at Aeronesutronics t¢

_eliminnte the bias between Aeroneutronica and SGC.

S Interim limits have been ectablished for use at Aeroneutronics which
ullows for some ‘test set to tect set variability.

6. Based on the results from Parsgraphs 2 and 3 adove, production valves

will de reget upon receipt of contractual direction, to meet specitication limitg using

- 7. Tha use“ot xhvlica transduceru bas been elinirated from tho Buy III ‘
pxoduction prognmns : R T S -
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X, Foll-Control Valve Transducer Tosting--Project Directive 41-025 (cont.)

PF. RLYL VALVE ASSEMELY AND TEST SEQUENCE
l. Preseat

4. Install and set transducers using Aeroneutronics equipment. Spot
veld transducers in place.

b. Acceptance test valve at Aeroneutronics (43acludes proof pressure
and furctional tests).

¢. Final electrical buyoff at Aerconeutronics using Aeroreutronics

test sat,
d. Perform receiving inspection on valves at SGC uaing AGE test set.
e. Perform receiving inspection at Aercjet using AGE test set.
f« Perform final check at Aesrojet and valves on motor, using AGE
test set. _
. 8+ Perform receiving inspection at ETR or Flant TT using AGE test
set.

h. Perform missile check on MAB using A/N missile electronics.
o 1. " Perform missile check in launcher using A/N missile eiectrcnicp.
2. .l'utm :

a. Install and set transducers, using Aeroneutronics equipment, to
new adjusted limits. These limits are those required to give the null btand limits
descrided in Secticu X,B,h4.

_b. Acceptance test valve at Aeroneutronics (includes proof-pressure
amd functiozal te:t;) : '

c. Pecheck transducer output using Aeroneutronics test set. Reset
it nscessary. epot mld transéucers in phce. N .

“!‘inn\ectricd buyoff tt Aarmeutronics uaing ABE test ut.

:’Por!om“meiving inspection st AeroJet uaing Acx teat m.

5m ueaiving W'“ nlvu at soc usins AGE tut ut.'i

[N
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X, F, Foll Valve Assembly and Test Cequence {cont.)
g, Perform final check at Aerojet with valves on motor, using
AGE test cet. '

h. Perforn receiving inspection at ETR or Plant 77 using AGE
test set.

[

1. Perform missile check in MAB using A/N misgile electronics.
J. Perform missile check in launcher usirg A/U uiasile electronics,
G. VOLTAGE CALIBRATICN OF THE SQUARE YAVE EXCITATION i

Puring the study, the question of accuracy of the square wave excitation
voltages wag introduced.

The requirement for the flight hardware {s that the voltage smplitude of
the square vave stall be within t L% of the nominal value. The requirement on the
AGE 1s that 1t be within ¥ 1% of the nominal value. Calibration of this voltage !
requires equipment which will measure within ¥ 0.1% preferadly or vithin ¥ o0.25% ‘ ;
maximum. Current techniques for measuring square wave voltages do not provide the ]
accuracy necessary for the measurement.

-

Oscilloscopes are only accurate to ¢ 3$ and voltage metering equipment
is not designed for use with wvaveforms other than sine waves.

Three approaches to the problem have been considered. The reccmmended
method 18 to devige a calibrated transducer simulator which can be used to calibrate
the teat set and the operational equipment. This pethod would allcw calibration of .
the test set to overcame diffarences in demodulator losses and any other character-
istics from one set to another. The second method is to use a John Fluk: Model 8033
differential voltmeter with a correction factor. 7The manufacturer has provided a
correction factor that has not been verified locally, The thind method 1s to use an
oscilloecope in conjunction with a dc power supply. The scale of the oscilloscope
can te expanded to provide the required accuracy and resolution. The wave form can -
then be displaced for cbservation and messurement by using the power supply to provide R
a biasing voltage., o

Page X-9
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1. Excitatica voltage

2. Solenoid voltage

3. Texmperaturs

4. Age life

5. Total test get variabilily

Suzmation ﬁf individual sigms
Aerojet linits (based on 4O valves)
Limit output values

Proposed ICD limits

Pgure re X-1

Analysis of Parsmeters
“Affecting Bull Position Gutput

S39 —237
0.1251 0.1251
0.083 0.083
0.046 0.046
0.025 0.025
0.100 0.100
0.3591 0.3791
2.00 min 4,00 min
1.641 4,379
1.6 L.
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CCR !:1 Task 25 Valves

nes
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Kavlico Standard Production
. Transducers, 3/65 tc 5/65
ADP-AGC n=29
Schavitz ADP-5GC
CCN 41 Task 25 Valves
L a= 5
Schavitz Standard Production

Transducers, 3/65 to 5/65

ADP-ACC
n= 37

mrm-entm Outwt Voltlm

Transducer, OF Position

Figure X-6
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rce of Yaris ‘ Comparable 3% Variaztion*
Excitation Voltage Variation, 50-54 volts PP
b =0.1126, .0063 (Figure X-23) 0.228 ¢.228
Solenoid Voltage Variatien, 22-32 volts ‘
b = 0.0054, ¢ = 0.0032 (Figure X-23) 0.028 0.083 ;
. ’ !J
Temperature Variation, 60° - 100°F N :'
X = 0.052,0 = .011 0.042 0.042 :
Age Life, 3 years, estimated 0.025 0.025
Average Test Set to Test Set Readout Variatioen, : -
AGC Equipment _ 0.125% 0.125
X = 0.0564,%= .0L07 :,
Repeatabili‘y cn One Test Set 0.047 - 0.047
X = ¢.015,9 = .0157 _ . .
Energization Time, L-17 sec 0.058 0.028
b = 0.0029, 6 , = 0.0018 (Figure 23)
RSS'4 Va.ria.tion 0.276 0.283

RC valves checked at Aerojet and meeting Aerojet Spec 71069 Rev C, Amend 3, could
produce the folliowing cutput values in the CW position under limit conditions
agsumed above.

AGC Spec Limits 5.360 min 6.000 max
RSS'd Variations _ -.283 +.276
Limit Output Values v - 5.077 6.276
ICD Limits . 5.016  6.300

Statistical Difference Between Aerojet AGE
{Receiving Inspecticn and Line 1) end Missile Equirment

Average difference ' = 0.182 volts
Max observed difference = 0,390 volts

¥ For the variables utilizing regression a.na.lysis, comparable 30 variations are
based on the variability of b and 0. when associated with CW output volts, (e.8.s
b shovs an increase of 0.2252 CWvalls fram 52 to 54 excitation volts, 35, shows -
an additional increase or 0.0327 CW volts at 54 volts; these amounts are Rss'd, ar ®

(.225)2 + (. 0378%7—-2@’&1'_"_“1@1151 checnng out dirrerences, ccmparable
. 30's ave based on V(1/2X)° + (30’)2

QICE T Lit o e KB

E

Onra.n Variance Analysis of Purmeters
Affecting CW Output . ?oltages

. Pigure x-21
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Source of Variation

Ccmparable 37 Variaticn*®

X -
Excitaticn Voltage Variation, 50-54 volts FP
b = 0.007,0 = 0.0037 (Figure 24) 0.026 0.026
Solenoid Voltage Variation, 22-32 volts
b = 0.0043, 0 = 0,0024 (Figure 24) 0.063 0.021
Temperature Variation, 60°-100°F
t = 0.043,0 = 0.0125 0.046 0.046
Age Life, 3 years, estimated 0.025 0.02%
"Average Test Set tu Test Readout Variation,
AGE qu_ipment 0.115 0.115
.0230, 0 = 0429
Repeatabilitj of One Test Set 0.037 0.037
.018,0 = ,0121
Energization time, L4-17 sec 0.008 0.025
: b = -C,0010, 0 = ,0005 (Figure 24)
RSS'a Variation 0.148 0.138

RC valves checked at Aerojet and meeting Aerojet Spec 71069 Rev C, Amend 3, could
produce the following output values in the CCW position under limit conditiona

assumed above,

AGC Spec Limits 0.250 min 0.500 max
R3§8'd Variations -0.138 +0.148
Limit Qutput Values 0.112 . 0,648
ICD Limits ' 0 1,090

e b, e ok oot B s b b e g e v

e i s o e

Statistical Difference Between Asrojet ACE
(Receiving Inspection snd Line 1) and Missile Fguipment

Average difference,
" Max observed difference,

= 0.155
= 0.430

¥ For the variables utilizing regression analysis, camparable 30 variations are

based on the variability of b and 0, when associated with CCW output volts (e.g.,
 shows an increase of 0,014 CCW volts frem 52 to 54 excitation volts, 30, shows
an additional increase of 0,022 CCW volts at 54 volts; these amounts are R5S'd or

Y(0.014)% + (o,ga: ; Por variables checking ocut ditterences, ccnpaxable 3!'

are based on (1/21) h (30)2

Ovcru.u Vurunce Analysis of hnneten
- -Affecting CCW Output Voltages

- HMgure X-22
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Serial
Nuzber

£4S 0001
TAS 0002
EAS 0003
EAS 0007
EAS 0011
EAS 0019

Serial
Rumber

EAS OCO1
EAS 0002
EAS 0003
BAS CCO7
EAS 0011
BEA3 0019

Valve S/K 0003 did not meet requirements after first tack weld. Tack weld
vas broken and valve satisfactarily re-adjusted. The position transducer

algo required replacement.

.
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Report 0162-C6TIR-G-Vol 2

Valves Before Resetting

Aercneutronics
CW - 5.31, CCW -~ 0.k6
CW - 5.41, CCW - 0.55
CW - 5.45, CCWw - 0.51
CW - 5.34%, CCW - 0,50
CW - 5.48, Ccw - 0.41
CW - 5.37, CCW - 0.36

G

Valves After Reasetting

Aeroneutronics
CW - 5.55, CCW - 0.2k
CW - 5.61, CCW - 0,31
CW - 5.68, cCw - 0.33
CW - 5.65, COW - 0.1
cW - 5,58, CCW - 0.39
CW - 5.57, CCW - 0.36

Aerciat Tegt Cet
CW - 5.23, CCW - 0.L9
CW - 5.32, CCW - 0.58
CW - 5.36, CCW - 0.54
CW - 5.27, CCW - 0.52
CW - 5.37, CCW - 0.43
CW - 5.28, CCW - 0.38

Aerojet Test Set
CW - 5.43, CCW - 0.30
CW - 5.45, CCW - 0.37
CW - 5.55, CCW - 0.39
.CU - 5.55, CCW = 0.L5
CW - 5.42, CCW - 0.38
CW - 5.46, CCW - 0.36

7% Reealibration Values of Six Kavlico-Equipped Valves
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Report 0162-06TIR-9-Vol 2 J

: Serial

Humber Aercneutronics Test Set Aerojet Tagt Set

i EAS 0110 CW - 5.60, CCW - 0.45 CW - 5.4, CCW - 0.45 .
EAS 0111 : W - 5.46, CCW - 0.L3

[ EAS 0112 CW - 5.57, CCW - 0.U45 oW - 5.41, cCW - 0.L5 '

; EAS 0113 CW -~ 5.62, CCW - o.Lu oW - 5.&}, cCW -~ 0.kh

?; EAS o114 CW - 5.60, CCW - 0.39 OW - 5.41, CCW - 0.LO

X EAS 0115 oW - 5.56, CCW - 0.2 o4 - 5.0, COW - 0.L0
EAS 0116 CW - 5.66, CCW - 0.46 CW - 5.50, CCW - 0.4z

Valve S/K Ol1l failed to meet leakage requirements during acceptance teats

and had to be removed.
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